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DIALUX 


MICROSCOPE 


When Leitz brings out a new microscope design, it is 
big news, and the new DIALUX is the greatest Leitz news in more than 
a decade. Exclusive new features give the DIALUX a convenience and 
practicability which reaffirm Leitz leadership in microscopic develop- 
ment. See it, try it, compare it soon. We think you'll agree it’s years 
ahead in precision and ease of operation. 

For transmitted light * 4 apochromatic objectives * also available with 
achromatic objectives * Combination Monocular-Binocular tube * Mo- 


nocular tube for photomicrography * Stage controls on common axis * 
Sturdy yet light weight construction * Polished oak fitted case. 


Removable head with exclusive 


bayonet clamping arrangement 


Tube revolves in 360° arc, 
may be used in any position 


Nosepiece and objectives 
slide out horizontally 


Objective safety retractor... 
backs up automatically on 
slightest pressure, prevents 
damaging contact with slide 


Substage condenser slides 
out of dovetailed fork @ 


Safety locking device 

prevents vertical or horizontal 
movement of mechanical stage 
when not in use 


For details, write Dept.SME. LEITZ, Ime., 468 Fourth Ave., New York 16, N. Y. 
LEITZ MICROSCOPES-SCIENTIFIC INSTRUMENTS-BINOCULARS:LEICA CAMERAS AND ACCESSOR!! 
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’e Science and Technology * 


From the Month’s News Releases 


Geiger Counter Stopcock 

A new, thin, glass-wall—jacketed Geiger counter is An improved line of stopcocks, featuring a } 
available. This counter is ideal for monitoring radio- ‘YP€ ‘ lamp, replaces the old style rubber wash 
activity where processes involving continuous flow are — PFOVes stopcock performance by further red 
involved. The operation threshold is 800 to 1000 volts. 
Window thickness is 30 mg /cm?. (M. G. Tait, Radiation 
Counter Laboratories, Inc., Dept. PF-12, SM, 5122 West 


Grove St., Skokie, Ill. 


possibility of leakage. The clamp snaps readi 

2 roove in the end of the stopcoc k plug and p 
working loose by maintaining a constant pressure aga 
the shell. (Corning Glass Works, Dept. SM, Corni: 
N.Y. 

Count-O-Matic Scaler 

Walk-In Incubator 


A complete laboratory unit, designed for precise ie 
A walk-in incubator has been designed to pro 


automatic measurements of radioactivity, supplies the 


cfiicient use—per—unit-space for biochemical, b: 


necessary operating voltages for an external Geiger or : 
scintillation counter, counts the nuclear disintegrations logical, pharmaceutical, biological, food, w 
detected by the counter, and measures the length of 
time required to accumulate a predetermined number of 
these disintegrations. (Nuclear Instrument and Chem- 4?€4 and 7 height provides 57 running feet of sh 
ical Corporation, Dept. SM, 223 W. Erie St., Chicago SPace- (Fisher Scientific Company, Dept. SM, 
10. Il. Forbes St., Pittsburgh 19, Pa. 


cosmetic research and control laboratories as well 


overcrowded hospital laboratories. Its 4’ x 4’ inside fl 


Reflectogage Venetian Blind Cleaner 


A portable, ultrasonic instrument measures the thick- A new labor-saving device cleans venetian blind 


ness of steel sheet (from .014 to .400) where only one 
surface is available, checks the continuity of bonds, and 
tests raw stock for laminar defects. All manual controls 
are grouped according to function on the front panel 


without the necessity of taking down the blinds. 1 
device carries the cleaning fluid in a self-contair 
reservoir. It cleans and polishes both sides of the slat 1 
one operation and will not soil tapes. (The Blind-! 
Co., Dept. SM, 690 Lincoln Rd., Otsego, Mich 


which also contains the viewing screen. (Sperry Prod- 
ucts, Inc., Dept. SM, Danbury, Conn. 
Radioisotope Counter-Holder 
Signal Generator A mobile, adjustable radioisotope counter-holder pr 
A new signal generator (Fig. 1) provides decade selec- vides a safe, convenient support for the counte! 
tion of 9000 predetermined, crystal-controlled frequen- shield used in measurements of radioactivity. It is | 
cies, in 100 cy/sec steps over the range from 100 kilo- — ticularly useful in determination of 1-131 uptake by ' 
cycles to one megacycle. thyroid gland. The unit is readily adjustable, and | 
Engineered for applications requiring a signal source holder will fit either scintillation or Geiger counte 
of high stability and accuracy, the generator’s fune- M. G. Tait, Radiation Counter Laboratories, | 
tional electrical and mechanical design permits instant Dept. SM, 5122 West Grove St., Skokie, Ill. 
selection of any desired frequency in its range. (Decade 
Instrument Company, Dept. SM, Box 153, Caldwell, Plastic “Glass” 
N. J. Plastic “glass” for protecting woods and metals aga 
the weather can be brushed or sprayed on and 
in 30 min. to a crystal-clear finish. It resists d 
tion, cracking, and oxidation. (Surface Engineer! 
inc., Dept. SM, 1535-39 DGarwise Ave., \\ 
Kansas. ) 


Plastic Molding Machine 


t 


A plastic molding machine incorporates rec 
neering advancements in automatic injection m 
is of horizontal construction with four tie rods ¢ 


j 





with micrometer adjusting nuts for even distri 





pressure on four points of toggle clamp and 
mold set-up. The clamp is designed with a re! 
Fic. 1 so if a part is not ejected the machine shuts di 





x the mold. (Moslo Machinery Co., Dept. 
rospect Ave., Cleveland 15, Ohio. 


sweep unit facilitates removal of foreign 
the eye. One end is fitted with a magnet for 

steel splinters, while the other is fitted with a 

ip for removing cinders, dust, and other par- 
rilization of the instrument will not diminish 
etic qualities nor affect the loop. (General 
fic Equipment Co., Dept. SM, 2700 W. Hunting- 


Scienul 


St Philadelphia Sam eee 


Glass Lathe 

\ new type of glass lathe that meets a broad range of 
slassworking requirements in the laboratory has been 
leveloped. A sleeve-grip chuck permits quick set-ups of 
practically all forms of glass work without elaborate 

essories. Tubing of any length up to 100 mm. diam- 
ter can be mounted through the spindle. (Bethlehem 
\pparatus Company, Inc., Dept. SM, Front and Depot 


Sts. Hellertown, Pa. 


Sensitive Pressure Transducer 


\ sensitive instrument for the measurement of differ- 
tial pressure in terms of electrical output is available. 

range of working fluids encompasses all non- 
rrosive gases and liquids, and the design allows a 
ection of working ranges from +0.5 to +15 psi differ- 
tial at line pressures up to 100 psi. The instrument 

withstand the application of maximum line pres- 
ire in either direction. (North American Instruments, 


, Dept. SM, 2420 N. Lake Ave., Altadena, Calif. 


Electrostatic Air Cleaner 
\ new ceiling-suspended model of the home electro- 
‘atic air cleaner has been designed. The unit, which 


nd ti sily be installed in the main return air duct of a 


punters ced-air heating system, removes 90 percent of all 


i hy r-borne dust and pollen and is effective against to- 
smoke particles. (Westinghouse Electric Corpo- 
Dept. T-556, SM, 200 Readville St., Hyde Park, 
16, Mass.’ 


Glass Instruments Washer 


Now available is an improved glass instruments 
with a new series of glassware baskets. Every- 
m over-sized graduates to micropipettes can be 
dated, including large, odd-shapped funnels 
s that are not usually handled by mechanical 

Fisher Scientific Company, Dept. SM, 717 
\t., Pittsburgh 19, Pa. 


) ' y 
Plastic Inserts for Lock Nuts 


I nbined attack of fuming nitric acid, opera- 
ck, and vibration and thermal cycling can’t 
grip of lock nuts fitted with new plastic in- 
zero to 165° F variations of temperature, sus- 


tained engine vibrations, and exposure to moisture (01 
will not effect the stability of the 
plastic inserts. (M. W. Kellogg Company, Dept. SM, 
P. O. Box 469, Jersey City 3, N. J 


water immersion 


Environment-Proof Switches 


A new series of environment-proof switches has been 
designed for use in exposed locations in aircraft [hey 
feature a hermetically sealed, split-contact switching 
unit housing. Their per- 


formance remains constant regardless of changes in at 


enclosed in an alumnium 
mospheric conditions. The switches may also be mounted 
fuel tanks without danger of igniting escaping 

Minneapolis-Honeywell Regulator 
SM, 2753 Fourth Ave. South, Min 


near 
gases or liquids. 
Company, Dept. 

8, Minn. 


neapolis 


Micro-Viewscope 


Fig. 2 oinbines Im one 


and 


A new micro-viewscope 


unit a microscope with 75 500 x magnification 
with illuminating 
that render a brilliant 
screen on a sloping desk. A mechanical stage gives pre- 


details of a 


enclosed and projection elements 


image on an 8” ground glass 


cision control for centering or scanning 
slide; and the unit is also equipped for photomicro- 


William J. Hacker & Co., Inc., Dept. SM, 82 
York 5. 


graphy. 
Beaver St., New 





Shock Prevention Disc 

A small, chemically-treated, felt disc, wiped on auto- 
mobile seat covers, gives protection from static shock. 
It dries quickly, is fully guaranteed, and is harmless to 
all fabrics and finishes. (Braun Laboratories, Dept. SM, 
206 S. Hutchinson St., Philadelphia 7, Pa. 


Level Indicator 

Accidental overfilling or emptying of bins, silos, tanks, 
and other storage units can now be prevented automati- 
cally by an electronic signal device. The new instrument 
uses a radio signal to indicate and control the level of 
stored material. (Hewitt-Robins Incorporated, Dept. 
SM, Stamford, Conn. 


Varistor Experimental Kits 

Two new varistor kits provide a variety of miniature 
disk-type and rod-type varistors for experimental appli- 
cations in electronics, communications, power control, 
and allied industries. General Electric, Dept. SM, 
Schenectady 5, N. Y.) 


Scintillator 

A new scintillator (Fig. 3) will define the limits of 
an oil field and eliminate the need for drilling many 
dry holes. It will also locate uranium deposits and has 


many uses in a scientific laboratory. The new scintillator 


can be operated from an aircraft or a moving vehicle. 
Precision Radiation Instruments, Inc., Dept. SM, 2235 
So. La Brea Ave., Los Angeles 16. 


Spectrophotometer 


A spectrophotometer, intended for testi: 
by the well-known spectrophotometric proc: 
be of interest to analysts and educators who 
unable to take advantage of the speed and ; 
the spectrophotometer due to the high cost 
ment. The operation is simple in that th 
knobs to turn or switches to operate after 
absorbance with a blank. The test solution 
is directly indicated by the meter. (Harold Kruger | 
struments, Dept. SM, P. O. Box 164, San Gabriel, ( 


Volt-Ammeter 


A new alternating current volt-ammetetr 
of performing over the entire audio range w 
tory-standard accuracy. Multi-range measure: 
be made at frequencies from 20 to 20,000 cycles t 


accuracy of .05 percent or better. The volt-ammeter 
1 


cesigned to be independent of frequency so that | 
a. c. voltages or currents can be measured over 
ranges, (Baldwin and Mermey, Dept. SM 

42nd St., New York 17. 


Colored Recording Tape 

New uses for recording tape, particularly for 
sional and educational purposes, are expected to 
out of the development of colored tapes, now 
in green and blue as well as the standard clea: 
base. Plastic reels in a choice of five colors cai 
supplied. (Auto Devices, Inc., Dept. SM, 444 M 
son Ave., New York 17.) 


Serological Baths 


A series of uniform-temperature serological 
has a temperature control closer than + 0.4° ( 
and walls are free of heating elements and 
Racks are carried side-by-side. The screwdriver 
ment on the thermostat prevents accidental movu 
the setting. An aluminum “eye-lid” shield prot 
control panel from splashes. (Fisher-Scienti! 
pany, Dept. SM, 717 Forbes St., Pittsburgh 


Miniature Torque Wrench 

A tiny torque wrench, like the larger tool 
dustrially to tighten bolts to the exact degree, 
up to 80 inch grams of torque. Other model: 
up to 8 and 16 inch ounces and are designed fo1 
the electronics, instrument, and precision « 


fields. (P. A. Sturtevant Co., Dept. SM, Add 


Autoclaving Paper Wrapper 

A disposable, non-disintegrating paper w! 
autoclaving is designed for use by pharmaceut 
facturers, hospitals, and industrial laboratories 
glassware, gloves, bandages, and other equipn 
sterilized. (Robert Busse & Co., Inc., Dept. 
Broad St., New York 4.) 








eady now... the revised (Second Edition) 


‘ Contributors 
| the internationally famous . . . 


John E. Anderson 
Leonard Carmichael 


Ruth M. Cruikshank 


MANUAL OF CHILD oo. 


Arnold Gesell 
PSYCHOLOGY Norman L. Munn 
Florence L. Goodenough 


Dorothea McCerthy 
Edited by Leonard Carmichael, Smithsonian Institution. Harold E. Jones 
John E. Horrocks 
Margaret Mead 


ith labora he fields of ethnology, anthropology, education, psychology, and Vernon Jones 
the nelds e a. y = Ce > sycn¢ r, anc . 
ments odiaess adhe Ponosy> Ps} 5) Arthur T. Jersild 


This comprehensive manual is the work of 22 leading scientists 
i § 


edicine. In one volume they have combined a major portion of the Rist Towle 

slevant data and researches in child psychology. The second edition Sibylle K. Escalona 
Catherine Cox Miles 
Lewis M. Terman 


i de ; Leona E. Tyler 
vised to incorporate findings of modern research. The book evidences aa 
¢ Clemens E. Benda 


cles t r 


mnmeter 
» that t cludes three completely new chapters—The Adolescent, Psychopathol- 


Over wide Hey of Childhood, and Social Development in the Child—and has been 


end of the speculative period in child psychology. 1954. 1295 pages. Gledvs Lowe Anderson 
2.00. Harold H. Anderson 


Send for an on-approval copy 


OHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N. Y. 





Now available... 


AMERICAN GEOGRAPHY 
INVENTORY AND PROSPECT 


PRESTON E. JAMES and CLARENCE F. Jones. Editors 
Joun K. Wricut, Consulting Editor 


Brings together the experiences in geographic study, both basic and applied, 
of the past thirty years and suggests the future development of many geo- 
graphic fields. 

A basic book for all geographers, professional workers in many related 


fields, and students. Over 600 pages, illustrated. 


$6.00 at your college bookstore or order from: 


SYRACUSE UNIVERSITY PRESS 
920 Irving Avenue, Syracuse 10, New York 
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NOW, a low-cost attachable il- 
Juminator with aluminized reflector 
and spherical condenser—provides 
plenty of light for oil immersion 
work with binocular microscopes. 
Another exclusive advantage of 
Bausch & Lomb, world’s finest labo- 


ratory microscopes. 


© Attaches instantly, focuses with 
condenser, tilts with microscope— 
or may be used separately. 


Uniform intensity, abundant light on 
full field. 


Cool stage—no heat damage to specimens. 


Standard lamp, less than 25¢ at most 
appliance stores. 


WRITE for descriptive literature BAUS CH (ry LOMB 
D-123. Bausch & Lomb Optical Co., 
77128 St. Paul St., Rochester 2, N.Y. oe | Ae 
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“iNew otirrings in eTman. 
Cc 
Y OTTO F. KRAUSHAAR 
Dr. Kraushaar, president of Goucher College and former professor of philosophy 
Y at Smith Collezve, is well known as a lecturer on educ ation and publte affairs 
4 He received his A.B. and A.M. degrees from the State University of Iowa and 






his Ph.D. from Harvard University. During World War II, Dr. Kraushaaz 
organized the Middle East branch of the U.S. Armed Forces Institute and 
planned and supervised Army educational activities in the Middle East, Iran, 
Iraq, and Africa. He also planned and organized the Army’s post-hostilities edu- 
cational program in the Pacific. The following article is the result of a visit to 
German universities in the American West Zone made in the spring of 1953 
















HE resounding victory of Dr. Konrad Ade- time and with it a climate of opinion more favor- 


nauer in the recent German elections was a_ able to the growth of those influences that the free 





tonic of reassurance for those who refused to countries have striven to exert in helping the Ger- 





ve that our policy in Germany was quite as fu- mans to shape their destiny in a new European 





nd misguided as the critics and Cassandras order. For the German problem is the problem of 






le it seem. Although we have learned by now — Europe, even as it is one of the two major problems 






hat things are seldom as bad or as good as they first of the world. 





ecm to excited partisans, the election provided tan- It is a little over eight vears now since Germany 





‘proof that the policy of German unification lay bleeding and beaten under the total victory 






tid European integration, sponsored by the United — of allied arms, and her economic, political, social. 





‘es, has met with more general approval in Ger- and _ intellectual institutions, wasted by Nazidom, 






nany than we had supposed, while the bond of the — lay in utter ruin. Today the visitor cannot fail to 
ferman people with the West proved to be stronger be impressed by the phenomenal revival of West 
Bhan we had dared believe. It would be foolish, to German industry and trade and the rapidity of 







pe sure, in accounting for the outcome, to overesti- her economic recovery. Always an inventive, skill- 
nate the strength of farsighted international senti- ful, and industrious people, the Germans are once 
ent and not give due weight to the power of Dr. again working, producing, and building with much 






Adenaucr’s personal prestige, the appreciation of of their old zest. Although the physical scars of war’s 





Bie Germans regarding which side of their bread destruction are still appallingly evident in the 
S Duttered, the desire to rearm stemming from major cities, rebuilding is proceeding at an acceler- 
Patior ride and deep-rooted military traditions, ating pace. But no one can say with assurance that 


reasons of national interest. But however the phenomenal recovery in the material realm is 









ppraise these factors, there is no doubt matched by a revolution in the character and atti- 





‘est has won an invaluable extension of udes of the German people. Progress in this realm 
Vest ] luable ext f tudes of the ¢ le. P t} | 





The Chemistry Building of the Free University of Berlin 
is again in operation after being partially destroyed dur- 
ing World War II. (Courtesy HICOG Photo Unit. 


cannot be measured quantitatively nor charted on 
graphs. Yet this is the heart of the German question. 
It was plain from the first to Western occupation 
authorities and anti-Nazi German intellectuals that 
unless a drastic reorientation of the German mind 
and national aspirations could be effected, her re- 
emergence as a great economic and military power 
would only nurture the seeds of new global conflict. 

It was a foregone conclusion that the psychologi- 
cal transformation of the Germans was not a task 
merely of the next few years or decades. To a people 
that traces its traditions back to the Middle Ages, 
the eight years of occupation are little more than a 
fork in the road leading over the hill to an unknown 
destination. But in the longer process of reorienting 
the German mind, these years are significant far 
beyond the brief span of time involved. With re- 
covery comes renewed confidence and the rapid 
subsidence of the malleable postwar state of mind 
which welcomed guidance and was prepared to 
acquiesce in drastic reforms; with the restoration of 
order comes the revival of old attitudes which, once 
set, may prove to be decisive for decades to come. 
Second and third thoughts are becoming vocal and 
the sense of guilt and memory of past evils is fading 
with the sheer passage of time. The temptation to 
settle back into the traditional ways is strong. No 
reasonable person expects the Germans to be any 
less German as a result of their rehabilitation. The 
aim is to help them embrace a mode of individual 
and national self-government and self-development 


202 


that will contribute to the larger ends o 
of the world and the freedom of other nations 
Nowhere in German life is the grip o/ tr; 
more apparent than in the universities. ; 
man educators believe that the optimum veriod f 
re-examination and reform has passed already aj 
that the universities, after doing lip-service to yp, 
thought under the prodding of English and Ang, 
can occupation authorities, are quietly reyiy; 
many of the old discredited forms and _ practi: 
This pessimistic appraisal is not without grow 
t is doubtful whether the rank and file of Ger 
university professors are deeply persuaded 
need for a reconstruction of the philosop! 
aims of higher education. Because the wa 
aftermath brought the training of teache 
standstill for nearly a decade, the teaching fa 
of the now largely rebuilt universities of the wester 
zones are staffed predominantly with prewar Ph.D 
They have not forgotten that the German univer 
sities were once among the most celebrated in ¢ 
world and that they served as models for the grady. 
ate and professional colleges of the New World 
Moreover, a degree of aggressive cultural cha 
ism and dogmatism has long been associate: 
the intellectual passion that has been the halln 
of the German scholar ever since Fichte. |: 
light of these facts, it is not hard to understand \ 
German educators are disposed to be skeptica 
advice and guidance from other nationals, 
cially Americans, whom they find it difficult t 
cept as cultural equals. Add to this the fa 
some faculties still contain remnants of unr 
structed Nazis and one can see why com 
observers despair of thorough-going reforms 
Nevertheless, such a gloomy view is prematu 
There are many lively new departures in evident 
and SOU 


and a growing volume of discussion 
iil 


searching about educational philosophy, aims, ant 
methods. It emanates chiefly from a leaven of far 
sighted scholars and critics who are open to nes 
ideas and willing to experiment. Among them at 
distinguished professors who stuck heroically 
their posts and survived the Nazi holocaust with 
out capitulating; others who fled to America and 
England and returned with fresh perspectives; ant 
young Dozenten who, having experienced little 
the glory but much of the shame of the old ordet 
are receptive to new thought. The present Rektor 


of the Universities of Bonn and Frankfurt at 
American citizens, a state of affairs that would ha\ 
been unimaginable twenty years ago. The 1! 
University of Berlin, in the fortunate po 


having no settled traditions to restrict its 


policies, is in several respects one of the 
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NE peal ced and alive educational centers in the world. 

n tons 2 institutes are being founded for the purpose 

Piste if promoting research and study in the social 

vine Ge Sones id in American and Anglo-Saxon culture. 

nm Period fy ad German educational journals are filled with 
already aii =. ; pa ara 

’ “GS -ussions of general education, teacher training, 

a vie: political and social education, and the articulation 

" pay ‘school and college work. These are some of the 

rounds for hope that the German educational 


CG PIAaCtices 





opmmunity may yet throw off the pall of political 
pathy and traditionalism and confront the new 


Ul Ground 






oO} Gen n I : 
led of shqetuation which presents such a challenge to educa- 
aed of t j : < 

‘on. not only in Germany but all over the world. 
SOPNy , 4 é 





[he reforms, as yet more widely discussed than 


| 










nap “EH acticed, aim in the main to recall the universities 
ne faculafmme their ancient task of serving as centers of humane 
hk wil earning and the spread of general enlightenment. 
ras PhD‘ his ideal, an inheritance from the Middle Ages. 

‘BBbecame the guiding idea of the German university 





an univers : 
; shen, in 1809, the great humanist Wilhelm von 


fumboldt became Prussian Secretary of Education. 
twas to be the aim of the universities, he held, not 
onationalize man but to humanize the state and to 
serve the ends of indivudual self-realization. In the 
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re ; ontext of the romantic idealism that so deeply af- 
te. In coggmeccted the German outlook all through the nine- 
stand whggmeenth_ century, the idea of the university and the 
eptica ideal of the scholar became impregnated with a 
vals. eceqgmmind of quasi-religious mystical spirit. Dedication 
‘ult to acqgmte the life of learning entailed a life apart, the 
fact thugmonasticism of the study and the laboratory. It 
unrecon-fqamas Service in the order of Truth with a capital T. 





The professionalizing of the scholar and withdrawal 





sompetent 





m the mundane interests of politics and society 
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n building of Bonn University, damaged during 
W s being reconstructed. (Courtesy of HICOG 
















Foreign students pitch in to help rebuild Frankfurt 


University. (Courtesy HICOG Photo Unit. 


followed. The scholar was at one and the same 
time the realization of the highest human ideal and 
the acme of harmonious personal development; and 
Wissenschaft 
ciplined search for the solution of problems but a 


science became not merely a dis- 
complete life whose devotees constituted a special 
elite or cult. These ideas tinctured, in the emo- 
tionally charged writings of Fichte, with authoritar- 
ianism and mystical nationalism, set the ideal of 
German university life. It was a conception em- 
bracing a perplexing medley of liberal and dogmatic 
elements containing the unmistakable imprint of 
Fichte’s subjective authoritarianism. 

Propelled by this ideal and under the impact of 
the rapid specialization of knowledge, the univer- 
sities were transformed. by the beginning of this 
century, into pure research institutes with the added 
duty of providing intensive technical training in 
the learned professions. German scholars, filled 
with a romantic passion for abstract learning, 
earned a reputation for Griindlichkeit, endless pa- 
tience and exhaustive attention to detail. and they 
became the toast of all other lands, especially the 
U.S.A. But the passion for research and the pursuit 
cultural 


of balanced, humane. 


learning are not 
identical. Long before World War II began it was 
apparent that the German universities had _ lost 


touch with the realities of the political life of this 
convulsive century. In consequence, they were mas- 
tered easily by the dictators of the Third Reich 

What happened during the rise and fall of Nazi- 
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dom revealed the fatal weakness and points a lesson 
to the West. Either because of too ready compliance 
with Nazi edicts or through self-immolation in a 
frenzy of patriotism, almost all research and teach- 
ing that did not serve the state and the cause was 
abandoned. Because the universities were the wards 
of the state and the professors were state officials, 
they were in no position to be the moral critics of 
the complete subversion of government in the Third 
Reich. The church groups proved to be far more 
courageous and effective the intellectuals 
in resisting the Nazi tyranny. And this also is food 


than 


for thought. 

The visitor to the German universities of the 
West Zone today gains a strong impression of deep 
wounds left everywhere by the capitulation of the 
intellectuals. ‘The physical destruction of many uni- 
versity centers was matched by the shattered integ- 
rity, the complete loss of the sense of direction and 
confidence, and the consequent decline of intellec- 
tual vigor. Although the rebuilding of the physical 
facilities has moved ahead briskly, the reconstruc- 
tion of staffs, program, and basic educational phi- 
losophy has been slow, sporadic, and halting. It has 
been beset by traditionalism, unresolved resent- 
ments built up during the war and the occupation, 
by the dearth of vigorous young teachers, and by 
the critical lack of funds for education at all levels. 
Most of the bomb-ravaged buildings have now been 
rebuilt, stone by stone, just as they were. One 
could wish that somewhere, just for its symbolic 
value, the old structures had been razed and a 
completely new beginning made in modern archi- 
tecture. The painstaking restoration of the old 
buildings is a symbol of the intention to reinstate 
the old educational program, stone by stone, with 
all its archaic protocol, academic cultism, profes- 
sionalizing of learning, and overweening intellectu- 
alism, when the need is for balanced human de- 
velopment and living experience with concrete 
democratic social and political forms. 

In constrast with this as yet indeterminate state 
of affairs is the situation in the East Zone. From 
the disjointed information leaking through to the 
West, supplemented by official Soviet propaganda 
handouts, it is evident that the Russians are making 
the schools and universities over so as to serve their 
ideological and political ends as efficiently as pos- 
sible. They enjoy for the time being the advantage 
of their basic totalitarian vice in that they have a 
definite plan and the authority and ruthlessness to 
carry it out. A broad grants-in-aid program is in ef- 
fect favoring “workers, peasants, or their children” 
and is bringing to the universities the talented in 
numbers sufficient to provide the engineers, doc- 
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tors, teachers, and so forth, needed to « 
“Plan for the People’s Economy,” and 

to insure a future governing intelligentsi indoc:, 
nated Marnist-Stalinist 
principles. Similarly, the currculum an 


with social an 


Politic; 


Progran 


not per- 


in the universities under Soviet control a 
mitted to develop freely. The published | 
of May 21, 1951, inaugurated a syste! 
chancellors, four in each university, \ 
reality cultural commissars in charge, pectively 
of social science, research work, scientific cayee 
aspirants, and student affairs. Always keen to cap. 
ture the minds of men, the Russians are said to }y 
spending a greater percent of East Germany’s ap. 
nual budget on “education” than is the case in Wes 
Germany. 

In sum, the East Zone presents the familiar pat 
tern of despotic control, adjusted to making educa. 
tion serve the ends of totaliarianism, but seeking as 
always to restrict the development of the mind to 
the “safe” boundaries defined by the state and the 
official ideology. 

In the West Zone, postwar reforms have estab- 
lished a true federal structure with self-covernment 
and local option at lower levels. In this system th 
control of education is in the hands of the Land. 
rather than the federal government, and ther 
in consequence a wholesome diversity in the ch: 
acter and programs of the universities of the dil- 
ferent provinces. But everywhere the visitor 
university people pondering ways and means 
the 
training needed for the professions and _resea 


correcting imbalance between the techni 


the broad cultural education which sho 


lead to a deeper insight into and concern for 


and 


existing human situation. This problem is not 
culiar to Germany although it is present there in 
peculiarly aggravated form; it is present also in ¢! 
United States. 

Formerly the German educational system aim 
to impart a good general education in two steps 
first, by devoting much of the last seven ol 
normal thirteen years of pre-university schooling | 
general education; and second, by setting the pro- 
fessional training offered by the universities in 
generous perspective of related fields and problem 
But the training in the preparatory schools | 
proved to be much more effective in impartin: 
appreciation of Germany’s national cultural her 
age than in teaching students to think for then: 


selves, especially in the areas of civic resp nsibilit 


} 


and national and world politics. And the t1 
the learned professions has been plague¢ 
many as everywhere else by advancing s 
tion and the consequent need for more a 
PHL 
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technical training, coupled with the economic 
necessity, on the part of the student, to complete 
the course of training as rapidly as possible. ‘Thus 
e student is encouraged to concentrate ever 
more and more in technical-vocational courses to 
neglect of the liberal education that would help 
m to understand the significance of his vocation 
aman and citizen. It is a familiar problem, but 
(is of crucial importance now in Germany. 
Xecognizing Germany’s peculiar need for leaders 


| cosmopolitan outlook and gifted with political 
insight and philosophic wisdom, German educators 


re 
alt 


rying in various ways to supplement the train- 
ng in law, medicine, engineering, research, teach- 


ng, and related professions with studies aiming to 
continue the student’s cultural or general education. 
There is much discussion among them of studium 

or uniwersale, and a number of experi- 
ments are in progress. Conservative educators view 
P © cepartures with skepticism and characterize 
ther ‘unsound,” a common academic objection 
01 hought and fresh attacks on old problems. 
Ni ess, at every major university and even in 
il nische Hochschulen a nucleus of profes- 
st ked in some cases by visits to the U.S.A. 
al ind and with the encouragement of the 


n authorities, are introducing studies de- 


he newly constructed reading room at Frankfurt University 





Courtesy | 


S. Department of Stat 


signed to continue the general education of univer- 
sity students and adults. 

In some institutions studium generale means 
little more than encouragement given to lecturers 
on technical subjects to dwell on the general impli- 
cations and wider bearings of their specialties and 
the interconnectedness of concepts in related fields 
of inquiry. And this is surely one of the best ways, 
provided a university is blessed with teachers who 
are at one and the same time capable specialists 
and persons of broad and deep culture. But since 
such men are rare, various other measures are 
under consideration and trial. At the Free Univer- 
sity of Berlin, at Munich, Bonn, and Freiburg, for 
example, there are series of special lectures on topics 
of general cultural interest. These are open to all 
students irrespective of the special “Faculty” under 
which they are enrolled. Bonn and Freiburg, among 
others, also make available discussion and work- 
shop groups in connection with studium generale, 
so that the student may explore the philosophical 
ideas and values which underlie individual and 
community life. A more ambitious plan is in effect 
at the Leibniz College of Tubingen University, a 
residential college where students who have com- 
pleted their preparatory work may take a special 
program of general studies, serving as a kind of 


- 
05 





~~ 
Pom - ee 


A model of the library and the auditoriums of the Free 
University of Berlin. (Courtesy U.S. Department of 
State. ) 


bridge to university work. It began as a special 
service to war veterans who had been long out of 
school, but it proved to be so attractive that it con- 
tinues to attract students. It is the nearest thing yet 
in Germany to the first two years of the American 
college with its emphasis on integrated cultural or 
general education. 

The problems encountered by these projects may 
well be imagined. Programs of general lectures 
without any sort of continuity or follow-up are of 
limited value, and are not highly regarded by the 
rank and file of students who are bent on complet- 
ing their professional training in the most expedi- 
tious way. A voluntary attendance of about ten per- 
cent of the student body at general education 
lectures is considered good. On the other hand, a 
comprehensive and integrated program such as that 
at Tiibingen means a substantial added outlay in 
time and the cost of education. This raises a host 
of stubborn problems, especially in present-day 
Germany where the economic stringency of Lande? 
exchequers is making it difficult to provide an edu- 
cation of even minimum standards. 

The American observer may be tempted to feel 
that the Germans should import the idea of the 
Anglo-Saxon college and sandwich it between the 
pre-university Héhere Schule and the professional 
university education. But this could not be done 
without a general recasting of the whole system of 
German education from top to bottom. The Ger- 
man student normally reaches the university after 
about thirteen years of schooling and at the age of 
nineteen. In other words, he enters “higher” educa- 
tion approximately one year later than the Ameri- 
can college student. In the past it was assumed that 
the longer course of secondary schooling pretty well 
answered the need for a broad cultural education. 
But this assumption has been called into question 
since the war by critics who feel that the prepara- 
tory years have been saddled with premature spe- 
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cialization in a heavily prescribed curriculum, ay 
moreover, that the teaching in the schoo's js def, 


cient in freedom and vigor and is more condyciy; 
to rote leaning than to the development o! depth ¢ 
understanding and ability to think fi onesel 
There is a growing awareness, therefore, that th 


university must somehow provide not on 
cal professional training but also a conti 
portunity for liberal humane education. 

There is a growing awareness, too, of 
to make university study, as well as the pre} 
classical Gynasium, available to the sons of farmer 
and workers. In the past there have been no leg; 
restrictions to their matriculation, but in the mor 
of German society it was just not the thing to d 
and this state of affairs is still accepted as norma 
even by the lower classes who take this educationa 
disenfranchisement with characteristic  docility 
Since the state’s civil servants and top business ey 
ecutives are recruited from the ranks of university 
graduates, this system helps to perpetuate and i- 
trench the authoritarian class structure which pr. 
vails in German political and economic life. Th 
deepest and most far-reaching need of Germany’ 
rehabilitation is for greatly accelerated social mob: 
ity. To extend equal educational opportunities 
able young people of all classes would be a big s 
toward this end. 

An aspect of German university tradition tha 
raises the most serious doubts in the American 0b- 
server is the formalism and distance in faculty-stu- 
dent relations and the lack of a coherent con 
munal life. In the past the university student moved 
in a kind of strange social and political vacuu 
relieved only by the Burschenschaft or the casua 
sociability of the lodging house. The German 
versity was a place for single-minded concentrautt 
on the formal and abstract training of the intel! 
By contrast, the English and American collegt 
carry on their work in an atmosphere of cord 
helpful relations between older and younger sc! 
ars. But in Germany, the professor has tradition 
barricaded himself behind the dignity and spi 
status that goes with being a Herr Professor Do! 
Instruction is still given with but few exceptions! 
means of the Vorlesung or lecture, and it is not ut 
common for the professor to dictate a good part 
the class hour to students who dutifully copy 
into their notebooks. Because of rising enrollment 
and a deteriorating teacher-student ratio, the '€ 
ture hall of a popular professor may contain !10! 
fifty to five hundred students. The tradition 
professorial aloofness and infallibility coupled w" 
the paucity of small seminars and discussio1 
creates an atmosphere in which it is the | ight 
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presumption for the student to ask a question, draw 
mut the professor, or have a brief tilt with him. It is 

«stem o! professors, by professors, and for profes- 
; desi ed to provoke blind discipleship instead 

pendent thought among students. It is also 
seedbed for the future citizens of the 
Saternalistic authoritarian state which knows best 
cood for its citizens, whose duty it is to listen 
not to talk back. Individual professors here 
i there as well as various adult educational agen- 
are sponsoring discussion groups, colloquiums, 
bd seminars, often at great personal sacrifice of 
bme and energy. Many of these are centered in the 
4merikahaus or the Information Library centers 
hat are serving both the German and the American 
yople better than they know. 

Because most universities in Germany provide 
ew student residences or none at all, there is little 
pportunity for the give and take of the dormitory 
Bull session” in which students educate each other. 
he beer halls and fraternity meetings are still the 
enes of such discussions, but under conditions that 
Bre far less wholesome and maturing than college 
Mormitory life. Moreover, the traditions of the Ger- 
an fraternities (Korps and Burschenshaften) are 
) deeply tinctured with chauvinism and cabalistic 
honsense and so devoted to beer-guzzling and duel- 
ing that thoughtful German educators view their 
furrent revival with deep misgivings. 


nt 
But 


\merican occupation authorities have en- 
fouraged the universities to establish new patterns 
or student and student-faculty community life. 
tudent residences have sprung up at G6ttingen, 
Munich, Heidelberg, and Tiibingen, to 


Mention only a few. In some cases these serve as 


reibure’. 


ters for special programs of general studies. 


{cCloy 


funds helped generously in building stu- 


Bent social and study centers at a number of uni- 


But it appears that we have been more 


with our money 


than with the thoughtful 
ls of experience and the expert advice that 
elp the Germans make good use of these 

111t1es. 
er new departure is the encouragement 
to student self-government as an exercise in 
“mmunity management, democratic practices, and 
mpOlitic; 


| self-expression. The Free University of 
Berlin 


developed student responsibilities to a 
level, even to the point of seating two stu- 
sentatives on the University Senate. The 
vernment also sponsors a group of active 
lubs, each in support of a national politi- 
they rise above partisan politics, however, 

t effort to assist German students and pro- 
the East Zone with books, moral support, 


and even monetary assistance. This is also a major 
project of the German National Union of Students 
(ASTA). But there is as yet little evidence that 
German faculties or students are aware of the values 
of student newspapers and other voluntary, self- 
managed, extracurricular activities which are such 
a valuable training ground in political self-develop- 
ment on English and American campuses. 

The volume and depth of the new stirrings, sig- 
nificant though they are, are not such as to provide 
grounds as yet for confident optimism. The task of 
creating a new university, in fact as well as in idea, 
a university competent not only to advance the 
frontiers of knowledge but dedicated above all to 
humane ideals and to nurturing the growth of 
those values which enable men to live with each 
other democratically and peacefully in freedom, 
such a task puts the German people and thei 
mores and traditions to the supreme test. The oc- 
cupation authorities can suggest, advise, aid, and 
even threaten, but in the last analysis it is the re- 
sponsibility of the German people to confront the 
problems and to proceed to their solution with sin- 
cerity and determination. These conditions do not 
yet obtain, at least not in a sufficient degree to give 
assurance of a constructive outcome. 

The the self-inflicted 


through which Germany has passed consumed het 


fact is, terrible ordeal 
soul far more completely than it destroyed and 
divided her land. It is relatively simple, in view of 
the 
damaged university buildings and fill the classrooms 


her amazing economic recovery, to rebuild 
and laboratories once again with eager learners in 
search of financial and personal security. But to 
restore the broken morale, to overcome apathy, 
the 


residual pockets of old accumulated poisons—all 


bitterness, fear, and resentment, to root out 
this will take time and patience, and wise, alert, 
and magnanimous surveillance. 

Even in this period of transition, the German uni- 
versities are once again providing a high level of 
training in the major professions and again setting 
the high standards of research for which they have 
long been justly famous. There is every reason to 
that 


against the spread of Communism in Europe; 


believe they will continue to be a bulwark 
for 
the liberal and progressive intellectuals share with 
the surviving Nazi bitter-enders an antipathy to 
Communism, although for quite different reasons 
But resistance to Communism, essential as that is, 
is not enough. There are as yet few signs that the 
universities and the world of scholars are alive to 
the positive part that they must play in the moral 
and spiritual regeneration of the German people in 


a democratically united Europe. 





aziness and the Scholarly Life’ 


LEONARD CARMICHAEL 


Dr. Carmichael is the seventh scientist to serve as Secretary of the 
Institution in Washington. He received his Ph.D., and also the hon 
of LL.D., from Harvard. He has taught at Princeton, Brown, and 
and was, from 1938 to 1952, president of Tufts College. Dr. Car 
physiological psychologist with special interest in the sense organs ar 
development of behavior. During World War II, he directed the Nat 
of Scientific and Specialized Personnel. He is a former president of} 
can Psychological Association, a member of the National Academ) 
and a member of the American Philosophical Society 


IXTY years ago William James said, “Psy- past academic work in considering thi 
chology is a science, and teaching is an art; future achievements of academic scholars 
and sciences never generate arts directly out the Germans call the Gelehrten Welt. Rath 
of themselves. An intermediary inventive mind must look at other qualities of personali: 
must make the application, by using its originality.” character that also determine to some ext 
Nothing has happened in the years since James cess or failure in the long pull of an int 
wrote these words to lessen their wisdom. What _ life. 
James said about teaching may with equal assur- Let us clear the decks a little. First ot! 
ance be said of research and a life devoted to pure certain that most individuals who are acclaim 
and applied scholarship. Therefore, let us think successful are not lazy. The only exceptions t 
for a little while about these arts and of psychology rule are a few fortunate individuals wh 
as applied to the career of the scholar. notable discovery or invention rise like a rocket ' 
A few years will pass and some who have re- full luminosity and then somehow, in defian 
ceived graduate degrees will be famous because of | the academic law of gravity, continue to con 
the contributions they will have made to pure or society that they are maintaining through long 
applied science and to scholarship in general. A years the promise of that one early burst of 
few others, it is more than possible, will not justify | mination. 
the promise that they had shown as graduate stu- Laziness is a characteristic of the 
dents. Why is this true? In order to answer this that most of us more easily recognize in our [1 
question let use examine some of the factors that than in ourselves. Moreover, laziness 
may make for success or failure in the competive word that appears in the table of contents ot } 
but also rewarding world of free American scholar- technical books on psychology. ‘The reason 1s ¢ 
ship today. If one starts to analyze any man’s psychol 
At the outset, certain assumptions may be made. makeup, that is, to dig in his mental garden to! 
Most of those who receive doctor’s and master’s the buried capsule called laziness, it will pro! 
degrees possess inborn intellectual ability of a high not be disinterred. But as the investigato1 
level. They also have profited by exceptional edu- his spade he may, as has sometimes happet 
cational opportunities. Thus both heredity and seekers for buried treasure, uncover some | 
environment have been good to them. The ex- valuable finds. Such digging will almost cert: 
aminations and other selective procedures of excel- unearth processes of importance, some ‘ 
lent universities have eliminated many who started have real psychological significance and are re’: 
out to do graduate work but who did not possess to what the world calls laziness. One of these | 
the qualities of intelligence or diligence necessary SSeS may be called motivation, another 
to win high and recognized degrees. attention, a third self-control. 
We need not, therefore, think too much about Additional characteristics, which ha 
inborn differences in basic ability or differences in given such names as interest, persevera 
termination, and even single-mindedness, ! 


* Taken from an address delivered at the Graduate 2 i j ; 
Convocation of Brown University, May 30, 1953. be found by one who digs in the hope o 
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tal basis of laziness. It may, therefore, 
th while to look at some of these processes 
make an even partly informed guess 
wi dividuals of similar intellectual ability 
ys equally successful in achieving a life 
ductive scholarship and of professional, 
| or research distinction. As we examine 
ituation one point becomes clear at once. In 
of scholarly or practical life, those who 
+ things done are preferred by society to those 
not. The prizes of life go to those who 
r the inscriptions, solve the equations, or 
prove milk production, rather than to those who 
themselves that these tasks cannot be done 
e of inevitable handicaps. 
[his means that real academic awards are gen- 


vince 
Vill 


» iven to hard, ingenious workers who learn 
mscend the petty annoyances of life. Yet even 
statement is dangerously like a paradox. We 
ferns live in a world which likes to pretend that 
cent work is a kind of evil. The image of Eden 
often and too clearly before us. We take too 
rally the idea that it is man’s punishment for 
wickedness that he did in his first garden 


shich requires him always by the sweat of his face 
arn his bread. “More pay for less work’ is 
nsequently one of the popular slogans of our 
but it is certainly a fatal policy for one who 
iid be a scholar. In recent years it has not 
vays sounded funny to say of a man that he be- 
es that the world owes him a living. Some of 
fanciful lists of human rights and _ privileges 
t were so prettily printed in two great English- 
iking capitals in the nineteen thirties and that 
ranteed many things from the cradle to the 
ve really boil down to an invitation to the in- 
vidual citizen not to work, at least not too hard. 
H! a whole society ever is hypnotized by the odd 
ea that some sort of superstate can provide the 
essities and even the luxuries of life without 
iring individual responsibility and work, it will 
¢ difficult for the scholar to realize that this atti- 
le must never apply to him. 
Laziness, or the avoiding of hard individually 


motivated work, is thus not today an abstract 
Probl Where laziness is involved socially de- 
fermined desires and wishes or individually held 
pevels aspiration may be called in question. 
What does an individual truly want to do? In 
terary and most nonphysiological language, what 
BS ci own in his heart? These are the basic 
Bluest A man can be said not to be lazy when 
she | hat may be called the motivational ma- 
a it makes him keep on working at ac- 
pivit t he and an informed segment of society 
A 


believe he should do because of his aptitudes and 
previous opportunities. 

The following sentences appeared in an article 
written at the time of Stalin’s death: “His mother 
baked, sewed, and washed for more prosperous 
neighbors, supplementing with these earnings her 
husband’s income. Her position in the family, how- 
ever, was typical of the slave status of the European 
peasant woman.” There is a hidden value judg- 
ment in the use of the word “slave” here just as 
there is in the unjust use of the word in character- 
izing certain pieces of modern labor legislation 
I read this excerpt about Stalin’s mother in an 
airplane while going from Washington to Boston. 
There were about forty passengers in the plane. 
One small delicate girl, a college graduate, and not 
at all improbably a corporation official’s daughter, 
neatly, effectively, and smilingly prepared trays 
for all passengers, served them supper, separately 
gave them coffee, collected trays, read notices, and 
did a little required paper work. Is this typical of 
the slave status of the airline hostess? Is it not 
possible that neither Stalin’s mother nor the air- 
line hostess felt especially sorry for herself as she 
worked? Both were doing well and effectively some- 
thing that was worth doing and that lay clearly 
within their powers. In both cases the result was 
an effective performance and the inner satisfaction 
that arises from useful work well done. 

Most young scholars at the outset of their careers 
think that they will avoid laziness. This means that 
they plan more or less consciously to develop effec- 
tive self-management of their own motives in work 
and play. Above all, it means that they try to 
establish for themselves a discipline for the efficient 
use of time and a rigorous determination to do 
well the tasks related to their fields of scholarship 
Such persons must quickly learn to avoid doing the 
many other things that society will press upon them 
as alternatives for constructive work. The president 
of the Royal Netherlands Academy of Science re- 
cently reported a colleague’s observations on a fel- 
low research man: “He is getting old: he now at- 
tends concerts.” 

It is a guilty secret of modern psychology that 
more is understood about the motivation of thirsty 
rats and hungry pecking pigeons as they press 
levers or hit targets than is known about the way 
in which poets make themselves write poems or 
scientists force themselves into the laboratory when 
the good golfing days of spring arrive. In spite of 
this lack of knowledge there can be no doubt that 
thirsty rats, hungry pigeons, and composing poets 
act as they do because they have by the positive 


reinforcement of former rewards for action come 





to do what they do and not something else. At 
this level of endeavor, in spite of Adam’s curse, 
the distinction between work and play often dis- 
appears for both animals and men. 

The name work is ordinarily applied in psychol- 
ogy to any consistent performance carried out by 
an individual and directed toward a constructive 
end which is approved by society. ‘The Supreme 
Court of the United States, in the Jewel Ridge 
case, has defined work in a legal but not psycho- 
logical sense as involving all three of the follow- 
(1) physical or mental exertion 
con- 


ing conditions: 
whether burdensome or 
trolled or required by the employer; (3) 


not; (2) exertion 
exertion 
pursued necessarily and primarily for the benefit 
of the employer and his business. 

Thus it is clear that legal “work” may be psy- 
chological “play.” 

I belong to a society in England that is made up 
of research men who are interested in the science 
of human work. It is called the Ergonomics So- 
ciety, that is, the society of the laws of work. The 
laws it is interested in are not statutes but are 
natural processes. One can be assured therefore 
that this society of psychologists, physiologists, and 
human engineers is not yet worried about what to 
do when all its problems are solved. It does, how- 
ever, find that it must now primarily deal with 
human capabilities and aptitudes, efficiency of 
movement in time and space, and a whole related 
set of problems of motivation and learning that are 
related to behavior. 

One of the great problems of all who study this 
field is to avoid the use of ambiguous words. An 
example may make this clear. A year-round resi- 
dent of coastal Blue Hill in the State of Maine, 
whose vocation is fishing, considers the setting of 
a gill net for mackerel to be hard work. A Wall 
Street banker vacationing in the same region per- 
forms the same action and considers it play of 
the best kind. 

It is clear that to the greatest degree possible 
scholarly work should be done in a way that makes 
it as much like play as possible. Those who have at- 
tempted to explain play suggest that among the 
physiological and psychological factors that initiate 
it are the following: enjoyment in the body’s own 
activity because of the stimulation that movement 
provides for the sense organs in muscle tendons 
and joints, and in a related way the exercise of 
any intellectual skill; delight in achieving success 
in bettering one’s own record of performance, or 
in excelling over a rival or rivals; the social satis- 
factions that come from informal friendly competi- 
tion and companionship; and the opportunity to 
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avoid concentration upon the difficult | 
everyday life. In these senses play is s 
wholesome retreat from the hard p 
reality, but when its performance also a: 
solution of real problems, as in some t 
ship, it is doubly sweet. 

Work, on the contrary, is still often 
as required by an employer or as ai 
curse.” ‘This is true not only on the 
assembly line but also in the stacks o! 
versity library. In every American coll 
club some scholar has been heard to sa 
two-hour lunch, “Well, back to the galley 

The motives then that 
scholarly achievement include all those 


determine we 


been mentioned in connection with both w: 
play, as well as the following: the desir 
need of, economic reward for the successful 


1 4 
CiOSsurle 


pletion of required tasks; a desire to gain “ 
or logical completeness in some _ previously 
stable, unsolved, or unsettled intellectual question; 
a desire for esthetic satisfaction; and a series 
socially determined motives such as_ pleasing 
particular teacher, a former research coll 
a particular group of critics, an editor, a 
visor, an audience, a group of students, ¢ 
whispered, even a college dean or president 
or the desire to prove someone wrong is 
times also a motive in intellectual endeavor. It 
not usually a satisfactory one, however. Saint Jame 
may have been thinking of scholars when he wrot 
“Let every man be swift to hear, slow to 5 
slow to wrath.” 

The 


manage his motives himself if he is to becon 


academic man must somehow lear 
competent scholar in this confusing age. Thos 
who are proficient in psychoanalysis, or what! 
called “depth psychology,” are convinced 
many of man’s compelling motives are unconsci0 
Such personality clinicians think of hidden wis 
as having a deep meaning in determining ovr 
action. This is surely not the place to evaluate t 
scientific basis of this view, for few academic pe 
can afford to pay in time or money for a comp 


psychoanalysis before getting down to scholar 


problem-solving. Confusing nonconscious motive 
are undoubtedly important in all our lives, bu! 
sometimes such motives can best be dealt with} 
forgetting about them and just working hard 
allow a theory of the unconscious to ser 
excuse or a rationalization for a failure to 
day-in-and-day-out intellectual labor is 
even in this mid half-century of psych 
theorizing. 

As already suggested, laziness, or faulty 
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cious or unconscious, is forever working 
against scholarly achievement. In earlier and 
simpler days monastic scholars summarized these 
antiwork urges as temptations of the devil. ‘Today 
‘) our complex civilization the devil has learned 
new ways. The golf links, and its apparently neces- 
ary exercise, the deceptively worth-while television 
ie half-popular magazine, the worth-while 
newspaper, are but a few of the tools that our 
modern Beelzebub employs to keep today’s scholars 
from giving long hours to hard mental endeavor. 

When the telephone bell rings the scholar stops 
and talks. Letters come to the scholar’s desk; he 
answers them. If the scholar is a university pro- 
fessor, or even an industrial laboratory man, com- 
mittee meetings call him. For many academic 
minds there is no categorical imperative so compel- 
ng as a committee to consider providing a new rug 
for the faculty club, or a new way of adding re- 
uired courses to produce that subtlest of objectives 


tion, U 


show, tl 


called “general education.” 

Home life and the legitimate requirements of 
family existence, more than in simpler days, now 
present hazards for the intellectual man or woman. 
Furopean scholars shake their heads over Ameri- 
an colleagues who do the marketing and cooking 
ind who wash the dishes after dinner. Each year it 
may be that housework becomes a more formidable 
competitor for the research time of the academic 
man. This is an example of the new scheming of 
“Old Nick.” Young scholars may well remember 
that those who are forewarned can sometimes be 
forearmed. 

Physiology raises its scientific head when we 
think of efficiency and work. Sleep, still a mysteri- 
is process, is a problem for the scholar. ‘There may 
be differences between individuals in the amount 
of sleep required for efficient normal work. Habit 
plays a part in determining the number of hours 
wisely given to sleep. Some individuals waste far 
too much time sleeping. To convince himself that 
eight hours of sleep each day is necessary may be the 
merest rationalization of a self-pampering scholar. 
(here is good evidence, however, that certain in- 
dividuals work at less than full efficiency when they 
lo not have a basic minimum of sleep each day. A 
ig of efficiency is often notable in the sleep- 
Bohemian scholar who loves to talk or sing 
ngenial spirits far into each night. It is true 
rors and other signs of sleep loss or fatigue 


lowe! 


Starve 


that « 
necessarily seen in short samples of mental 
hen the individuals who are doing the tasks 
erly motivated. In the long run, however, 
ly rested individuals work best. But sleepi- 


re 
CAaSOT 


B Ness 1 be an excuse to get out of work. Many a 


April. 


scholar has learned that when he is too tired and 
sleepy to do even the routine spade work required 
in his research, he is not too fatigued to play an 
intellectually taxing game of bridge. Alcohol and 
even tobacco when unwisely used, and especially 
when added to sleep loss, may trap the unwary 
scholar and hold him back from real achievement. 

By trial and error each scholar who is to be suc- 
cessful must work out for himself in a that 
his own psycho-physiological 


way 


is satisfactory for 
makeup the answers that he will give to himself 
as to why he should do or not do the many things 
that are bound to arise in life as distractors from 
his basic scholarly tasks. 

Granted reasonable health, a satisfactory home 
life, appropriate food and exercise, some sensible 
recreation, why is it therefore that some scholars 
achieve intellectual miracles while others never 
justify the promise that they 
sraduate students? No general answer can yet be 


demonstrated as 


given to these questions. Some reason for human 
failure can be described in theological terms. Moral 
lapses are basic to many such failures. The old sin 
of avarice, that is, the inappropriate and inordinate 
desire for money, leads to many a good scholar’s 
downfall. A position offering less opportunity for 
research and for stimulating intellectual work but 
at a higher income is snapped at by some young 
scholars. Many 
wrecked on this gilded rock. Shining skulls which 
once held good brains show their brows in not a 


promising careers have been 


few university administrative offices. A preoccupa- 
tion with the stock market or with paramutual 
odds is seldom a help in scholarly work. Humor 
and a sense of proportion are ordinarily assets in 
any life, but sometimes at the outset of a scholarly 
career too much humor or too much ability to see 
problems in full perspective may be a liability. It is 
dangerous to laugh too much at the minute labor 
required in one’s own research. 

Some individuals fail in independent work even 
though they do well in the directed activities of 
college and graduate school. This fact may be 
closely related to some of the deeper and less easily 
recognized motives of the personality. A good 
academic apple polisher, for example, is not always 
a good independent grower of apple trees. In such 
individuals the necessary drudgery of scholarship 
has been energized by some secondary end rather 
than because of its intrinsic intellectual interest 
Some persons all through life are looking for pats 
on the head from a parent or parent substitute 
Some of these praise seekers can reconvert them- 
selves after leaving graduate school by thinking 


of the criticism or possible praise that a wider pub- 





lic or some notable scholar may give to their publi- 
cations. Such individuals often make up the little 
coteries or schools which cluster about strong aca- 
demic figures only again to feel orphaned when 
the hero-scholar dies or succumbs to arteriosclerosis 
of the brain. 

This reliance on an older and wiser person in 
scholarship may not be all bad. Not a few scholars, 
by using the old technic of the runner in training 
and by selecting a pacemaker, have succeeded in 
speeding themselves up. To emulate another in- 
dividual in research productivity and even in style 
of work may help some beginners. It is true, how- 
ever, that the scholar who feels that his research 
or related academic or professional work is done 
purely for financial gain, for social recognition, or 
for approving letters from pontifical academic fig- 
ures should reexamine his own motivational ma- 
He that it late 
reorganize his basic attitudes toward life in such 


chinery. may find is not too to 
a way that the real pleasures and ends of scholar- 
ship and the fun of understanding, for knowing’s 
own sake, will become for him more important 
than praise. This transition is symbolized by the 
boy who as an undergraduate works for election 
to Phi Beta Kappa but who late that 


scholarship itself is interesting, exciting, re- 


finds 
and 
warding. 

Conflicts in motivation are bound at times to 
disturb the lives of all scholars. There is hardly a 
mature worker in the academic vineyard who does 
not realize retrospectively that he has had both 
good and bad vintage years. Many a scholar has 
had his career given a jolt by falling in love or 
by too much attention to baseball or horse racing. 
Such romances are most disturbing when they are 
not socially approved. Here again in old-fashioned 
terms sin is seen as the foe of the scholar. Since 
matrimony has been mentioned, it may be ob- 
served that the 
wealthy wife, or indeed one not so wealthy, with 


academic man who marries a 
social objectives or a passionate love of travel or 
even of gardening, must be alert from the first to 
preserve his time schedule. 

Nevertheless, the young scholar should try not 
to blame his environment for delays or failures in 
research. Such excuses often involve verbalizations 
that are more dangerous than is the mere failure to 
work. Every large college faculty or research or- 
ganization has a number of individuals with full 
academic. training, and self- 
acknowledged zeal who nevertheless do not pro- 


good intelligence, 


duce important research results or publications. 
Such individuals, if they are observed carefully, 


that is, given a sort of informed academic “time 
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and motion study,” will not infrequently 
to fill their days with unimportant but 
suming activities. These men and won 
times occupy themselves with interminab| 
research cards, with better and better glass 
or the making of private glossaries. ‘T| 
assert that more uninterrupted time is 
for them if they are to produce a satis! 
tellectual product. ‘The petty daily and 
demands of existence related to eating 
toilet are sometimes built up by such in 
so that gradually the weeks and the years 
upon them without the dreamed-of great 
the imaginary crucial experiment being 
reality. Thus the epic does not get written 
Nobel prize remains unwon. ‘The reasons 
failure are almost never the real ones 
managed motives and a bad personal us: 

but rather some trumped-up claim that 

side world, or worse still, in incipient paranoia 
some other individual is responsible for the sad: 
of failure. 


On the other hand, great works of scholars! 


and creative skill have been carried to triump! 
conclusion under most disadvantageous en\ 
mental conditions. ‘Trollop’s novels ar 

less outstanding because he arose early and \ 


a certain number of words each day before taku 


P&S 


up his work of managing the British postal servi 


James Mill’s great work The History of India w: 


written around the family table. His son 


Stuart Mill, as a child of seven and eight, was al 


lowed to interrupt him to ask the meaning 


any Greek word that he did not know in his lesson: 


because he had learned Greek before Latin and t 


family lexicon defined Greek works only in | 
Unde Mill produ 


one of historical 


these conditions the elder 
the great works of 
of his generation. 

Many students find it helpful to set mild | 
themselves if their allotted dail 


t 


ments for 
are not performed. Most scholarly workers 
find that they must solve the problem of not 
ing apparently unfavorable environment 
ditions to interfere with work that they 1 

It is helpful to remember that psycholog 
periments on distractions show that inte 
noise or other unpleasant interruption ins 
cutting down work actually may at times 
so-called dynamogenic effect and make t! 
vidual do more and better work when the 


tion is present than when it is absent. a 


scholar who complains of the radio in t 
room, the glare of the library light, or the wv 
ing of his companions is beginning to show 
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{ blaming his surroundings for his own 
nos. Here again, in theological terms, one 
pent ere it be too late! Few scholars in 
rn active America are able so to control 
nditions under which they work, and ideal 
is are rare. Many scholars who now ask for 
of work rooms would go to sleep in them 

had them. If all works of scholarship had to 


may be efficient or inefficient as they themselves 
choose. One must learn so to manipulate his own 
attitudes and emotions that he will feel at the end 
of his career that he has approximated in achieve- 
ment the potentialities which he knew he possessed. 
When one is first called “Master” or “Doctor,” it 
is a good time to make some concrete resolutions 
about the self-management of motives and the use 


mplished under ideal external conditions, of time. The self-imposed discipline that may grow 
tput of the intellectual world would be re- 
luced to a trickle. 

And so, may I hint at what old commencement 
speakers used to call their formal charge? Our 
vorld today as possibly never before needs hard- 
vorking, well-trained, objective, scholarly men and 
omen. In uniform or in civilian clothes scholars 


from such resolutions may well make for years that 
are happy with intellectual achievement. Walk 
around, climb over, slide under, or crush the ob- 
stacles that lie ahead and enjoy a steady life of 
scholarly achievement, but do it in a that 
will give you a full share of the gayety and fun 
that should come to each well-planned life. 


Way 


SPW 


Uniform Substitutions of Corresponding Instances in 
an Established Form 


He not only learns to salivate at the appropriate 
moments, or to recite the appropriate nonsens« 
syllables: he 


Gregory Bateson, ‘Social planning and deutero-learning”’, 
Holt, 1947), page 123. 


also, in some way, learns to learn. 


in Readings in Social Psychology 


At last some sociologists, psychologists, and many anthropologists have 
become convinced that certain experiments demonstrate that at 
times animals can learn to learn; 

In parallel expression, we can say that those who covet actually 
yearn to yearn. 

This handy-dandy kind of phrase fits others like a glove: 

The erstwhile Wolf we now detine as one who loves to iove 


If a Senator or Congressman interrupts another and asks permission for 
the floor, we now would say that the gentleman talks to talk; 

And in contrast to a stubborn mule, the racehorse balks to balk. 

Similarly, the Big Man On The Campus has to rate to rate, 

While the gentle pacifist really hates to hate. 

when there are 


Sometimes in a track meet, particularly more 


runners than can be accommodated at any one time, they 


Many 
have 
preliminary heats and we assert that the runners race to race 

But we must ignore the fighters who are standing face to face. 
Does the coward or the hero fear to fear? Does the gourmet or the 
gourmand eat to eat? We do not know, and less we care: we leave 
them to their fate 
Content to know he also serves who only waits to wait 
Roy G. FRANcIs 


University of Minnesota 
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I. The Role of Government in Basic Research — ever, administer 99 percent of the total funds 


HE National Science Foundation published, 

during the year 1953, a study of the distri- 

bution of funds for federal support of re- 
search under the title Federal Funds for Science. 
This study indicates that in 1953 an estimated 3.5 
billion dollars or more was spent in this country on 
scientific research and development. The federal 
government paid for a little over 60 percent, indus- 
try about 35 percent, and nonprofit institutions 
about 3 percent. Federal expenditures in support 
of research and development for the fiscal year 
ending June, 1953, totaled about 9.2 billion dol- 
lars—an increase of 0.4 billion dollars over the 
1.8 billion dollars expended in the fiscal year 1952. 
These estimates cover the costs of all research and 





Department of Defense, with about three-fourths 
of the total, administers the largest portion; fol- 
lowed by the Atomic Energy Commission; the Na- 
tional Advisory Committee for Aeronautics; 
Department of Health, Education, and Welfar 
the Department of Agriculture ; the Department o! 
the Interior; and the Department of Commerc: 
Approximately 94 cents of the federal gover- 
ment’s research and development dollar goes {i 
work of an applied research and development na- 
ture; the remaining 6 cents is for basic research 
How is basic research defined? To the academ 
mind, the expression presumably has a commor 
meaning: typical academic research in the basi 
sciences. ‘To representatives of industry and of gov- 


development activities paid for by the federal gov- ernment, however, the term basic research may 


ernment. They include not only work done by the 
government but also work sponsored by it outside 
its own laboratories. It should not be concluded 
from these figures, however, that the government 
program for research and development is increas- 
ine. As a matter of fact. the federal budget for re- Basic research is performed witnout thought 
4 tical ends. It results in general knowledge and 
standing of nature and its laws. The general kno g 


have other connotations or shades of meaning. T! 





explanation of basic research given by Dr. Bus! 
in Science the Endless Frontier covers so man 
aspects of the entire question that it is useful 







refer to it repeatedly: 





search and development is now decreasing, and the 
decrease will be reflected later in annual expendi- 






provides the means of answering a large num! 





tures. 
: 9 P en a 
we than 20 federal agencies, approximately a ; 
Mc re th "| re PI .’ complete specific answer to any one of them. Th: 
; > ‘ rr. ¢ ster ‘OOT? S ‘ . ° ° 
half of the total number, ac minister programs IN tion of applied research is to provide such ci 
research and development. Seven agencies, how- — ancwers. The scientist doing basic research maj 
at all interested in the practical applications 





important practical problems, though it may not 







* Based on papers presented at the joint symposium of 
the National Academy of Economics and Political Sci- work, yet the further progress of industrial d 
ence; Sections K and M, AAAS; and the National Social ment would eventually stagnate if basic resear 
Science Honor Society, Pi Gamma Mu at the 120th An- 
nual Meeting of the AAAS, Boston, Massachusetts, De- 
cember 26-31, 1953. 






long neglected. 





One of the peculiarities of basic science is the 
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h lead to productive advance. Many of 
yrtant discoveries have come as a result 
with different pur- 





ts undertaken very 











eX] 

n0SeS |. Statistically it is certain that important 
iseful discoveries will result from some 
the undertakings in basic science; but the 
ny one particular investigation cannot be 

‘dicted with accuracy. 
Inherent in this definition are some of the rea- 
sons why government is justified in the support of 





pasic research, especially where it can be demon- 
ated that such research is not receiving adequate 
ipport from other sources. The technological 
ogress that has occurred since World War II and 
the problems and progress that arise in medical 
cience have demonstrated that a greater effort in 
asic research is needed in order to support the ad- 
vances that are being made in applied and develop- 
yental fields. It must be borne in mind, also, that 
basic research is an important part of the training 
of research scientists and teachers of science, of 
yhich there are such critical shortages at the pres- 
nt time. As is known, these needs have developed 
during a period in which the facilities and_re- 
ices of the universities have been taxed beyond 
their capacity. It seems appropriate, therefore, for 


















the government to insure a continuation of basic 





research by means of the grant-in-aid or contract, 
by fellowships, and by other types of support. 

A Foundation study of federal funds for scien- 
tlic research and development at nonprofit insti- 
tuuons in the year 1951-52 disclosed that only 
about | of every 5 dollars was for basic research. 

e other 4 dollars went for applied research, de- 









opment, and necessary additions to the research- 





nd-development plants. The ratio of 4 to 1 be- 





n applied science and basic research seems to 





midicate a serious imbalance of effort and suggests 





desirability of adjusting, to the extent possible, 





tie disparity between the funds going for applied 





and those available for basic research. 





esearc} 





World War II produced great changes, both in 
ire of the research being supported by the 






ment and also in the mechanisms by which 





it was supported. In the decade prior to World 





War II, the federal government was sponsoring re- 










pear educational institutions at the approxi- 
mate of 6 million dollars annually, most of 
a is for support in agriculture. The war 
pul ie emphasis to military research. A great 
Aino n in the federal support of research was 
i rch-and-development contract between 
ph nment and universities and other research 





mstit s, introduced by the Office of Scientific 
ind Development. The success of the 






contract system for the support of needed research 
and development established a pattern that was 
continued after the war and extended to include 
the research grant. 

The Office of Naval Research and the National 
Institutes of Health were postwar pioneers in sup- 
port by contract and grant, respectively, of re- 
search, both basic and applied. This support was 
largely by this “project” method, and they were 
later joined by the Atomic Energy Commission in 
its off-site program and by the other military de- 
partments. However, the greater part of such re- 
search was related fairly specifically to the mission 
of the agency. Except for the Office of Naval Re- 
search, which developed a broad program of ex- 
tramural basic research, there was initially little 
support of research, except research more or less 
closely related to practical ends. The need for fed- 
eral support and encouragement of unrestricted 
research had been anticipated even before the war 
ended, and resulted in a 5-year effort on the part 
of scientists, legislators, and others, which was fi- 
nally climaxed in the creation by Congress of the 
National Science Foundation. ‘The Foundation was 
established, therefore, not to supersede or eliminate 
the research programs of existing agencies, but to 
provide a mechanism for the furtherance of edu- 
cation in science and the support of. research on 
a very broad base. Another important function, in 
view of the growing magnitude of the government’s 
research programs, was to be the development of 
government policy with respect to the promotion 
of basic research and education in the sciences. 

In many ways, the interest of the government in 
science can be compared with that of private in- 
dustry, since the government must take a practical 
view of spending public money. Its stockholders 
are the taxpayers, and what the government does 
is accountable to them. The technical industries, 
faced with the necessity of their undertakings pay- 
ing off, have realized their essential dependence 
upon basic research and are helping to support it 
in various ways. The federal government has re- 
alized, in principle at least, the necessity of sup- 
porting basic research for reasons similar to those 
of industry but broader and deeper, in that not 
only the economic welfare of the country but also 
the health of our people and the strength of our 
defenses are dependent upon a never-ending search 
for new knowledge. Traditionally, the general posi- 
tion of the government has been to support the 
types of activity that are essential to the general 
welfare and that the states or private enterprise 
are not in a position to undertake. In other de- 


mocracies, the list is longer than in this country, 
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but in the United States the interest is in keeping 
it as short as possible. In recent years, however, the 
national welfare has come to depend, to such an 
increasing extent, on progress in science and tech- 
nology that the support of research seems to be a 
proper function of government for a number of 
reasons. 

The first reason for support is the obvious one 


research results 


that the government has need for 
and, therefore, must be able to call upon the most 
competent brains in the country, wherever these 


may be found. A second reason is that the inter- 
ests of the government may coincide with those of 
non-government institutions. This might be true 
with respect to either basic or applied research, but 
more rarely in applied, insofar as universities are 
concerned (except in the fields of engineering, 
agriculture, and medicine). The mutual interest of 
the government and the university opens up the 
possibility of a cooperative venture with partial 
support from the government. In such a situation, 
either the government or the university might take 
the initiative in proposing the undertaking. 
Another reason why the government may prop- 
erly support basic research arises out of a recog- 
nition by scientists that certain areas of research 
should, in the interest of the public welfare, be en- 
larged and supported to an extent beyond that 
which is possible with private resources. After 
World War II, for example, American physicists 
realized that the United States was lagging in the 
field of low-temperature physics, an area essential 
to the future of physics research in this country. 
Government assistance, initially by the Office of 
Naval Research and the Atomic Energy Commis- 
sion, was forthcoming, especially in provision of 
facilities such as helium liquefiers, and the research 
effort in the field has been 
strengthened accordingly. In a similar manner, the 
Foundation has found that, in the opinion of bi- 


low-temperature 


ologists, systematic biology (taxonomy) was being 
neglected and that progress in biology was being 
retarded as a Foundation interest in the 


problem has resulted in the initiation of a broad 


result. 


program in this area. 

The interest of the federal government in re- 
search is essentially a practical one. If basic re- 
search is the seeking for knowledge without regard 
to practical aims, why then should the govern- 
ment support basic research? An individual investi- 
gator may be working on a project with no other 
motivation than the desire to satisfy his scientific 
curiosity or to add a bit of knowledge to a field in 
which he is interested. The government, on the 
other hand, may be interested in his project to the 
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extent of furnishing financial support 
the potential applicability of its find 
solution of some larger problem. It is « 
also, that two federal agencies might 
same project for entirely different 
National Science Foundation, for exa: 
support a given project in metallurgy {: 
reason than that it gave promise of ad\ 
frontiers of knowledge in that particula: 
Department of Defense or the Nation; 
Committee for Aeronautics, on the ot 
might support the same project becaus: 

sible application to jet engines. 

A fourth reason why the governm 
support research differs from the othe: 
that it pertains to other social needs. I! 
ample, the educational institutions of th 
States should find themselves in financial dif 
ties that threatened to impair their ability t 
on their normal educational functions, 1] 
national welfare might require some form 
ernment assistance. ‘To the extent that 
find themselves in this kind of difficulty 
propriate to ask whether the federal goy 
should relieve the situation by providing 
support. 

In Europe, government assistance to univers 
in varying degrees is an accepted social pattern. | 
Americans look askance at federal sul 
of their educational institutions. ‘The tax-supp 


direct 


state universities and schools are regarded as a1 
mal aspect of states’ rights, but federal supp: 
a different matter. It is not always generall\ 
preciated, however, that tax exemption is a ! 
of subsidy. Government support of researc! 
development and government scholarships and 
lowships are other forms of subsidy that may 
to relieve the pressure, and such measures 4| 
to be generally more acceptable than dir 
sidization. 

It is now generally understood that tli 
ment has a need for its own laboratories in a 
where the work is not appropriate for indust! 
is not likely to be done under conditions that! 
government requirements. It is altogether pi 
for example, that the government should set 
maintain standards of weights and meas 
that there should be a national laboratory | 
purpose—the National Bureau of Standards. M 
tary research is the direct concern of thi 
ment, and arsenals and gun factories a1 
the oldest federal research establishments 

The most compelling reason for govern 
port of basic research, either in or outsid 
laboratories, is to assure continuing pr‘ 
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al knowledge in science. In so doing, 
nent will not only serve its immediate 
developmental needs but will also uti- 
to the fullest extent as a national re- 
, agency should, therefore, be free to es- 
.d maintain such research under whatever 
are most favorable to the satisfaction of 
ilar requirements. For this reason, it is 
asible nor desirable for a single agency of 
the federal government to support all the basic re- 
search in which the government is interested. 
Government support of research, like other 
arge-scale efforts, is not without problems. Educa- 
‘ors and administrators, for example, are increas- 
ingly concerned with the effects of government re- 
earch work upon the normal teaching and 
research functions of our colleges and universities. 
lhe National Science Foundation is aware of some 
of these problems and feels that the impact of fed- 
eral research upon our colleges and universities is 
, national problem that should be closely exam- 
ined. he National Science Board has recently au- 
thorized the appointment of a committee, under 
the chairmanship of Mr. Chester I. Barnard, to 
consider the entire question. In addition to con- 
sidering the effects of government funds upon the 
customary teaching and research activities of col- 
leges and universities, the committee will also con- 
sider the question of how the federal government, 
in cooperation with the colleges and universities, 


tundan 


tablish < 


condltl 


neitiel 


may best develop and encourage research and edu- 
cation in the sciences. 
Those who are close to matters of research re- 


alize that the role of government in basic research 


is a proper one and one that is likely to grow 
rather than to diminish in the coming years. It 
would be well if the public also understood and 
appreciated the significance of research in our na- 
tional life, especially since, as has already been 
seen, science will continue to raise questions with 
which society as a whole must deal. In the entire 
question of the participation of the federal gov- 
ernment in support of science, the concern should 
} be to insure that the government’s role is carried 
out in such a manner as to make possible the max- 
imum benefits to be realized from wise policy and 
F administration, and that any detrimental effects 
are understood and held to the minimum. 


I!. Scientific Research and the National 
Economic Potential 
Anyone working in the field of research imme- 
diate! recognizes that the terms basic and applied 
re define areas that in concept may differ but 
‘e shade one into the other. Research also 


is often confused with the engineering phase of de- 
velopment. It is obvious that research does not ap- 
ply merely to the so-called sciences but applies 
equally well to unscientific, or perhaps more ac- 
curately, incommensurable material, as dealt with 
in the social sciences or the humanities. 

It would be difficult indeed, if not impossible, 
to find any area of either thought or action that 
has not been affected and shaped by the results 
of research. Research, thus, is seen as a funda- 
mental process by which the life of mankind, man’s 
relationship to man, and man’s relationship to na- 
ture evolves through time. Early work in arith- 
metic and geometry made possible the great struc- 
tures of the ancients, which played such a vital 
part in their social and spiritual life. In more mod- 
ern times, the work of Newton presaged the me- 
chanical civilization which was shortly to follow, 
and now in current time is seen the work of such 
men as Hertz, Becquerel, Planck, and Einstein to 
bring forth a new civilization that is entering into 
what is popularly called, “the atomic age.” 

How do the discoveries of such great theoretical 
research workers affect the economic potential? 
Obviously, there are many links in this chain. Fol- 
lowing the results from theoretical research efforts, 
there must naturally follow experimental verifica- 
tion. At this point new knowledge has become 
available, but it is still sterile insofar as the eco- 
nomic implication is concerned. Applied research 
next is effected and proves that such new knowl- 
edge will and can accomplish a useful purpose. 
This stage in turn is rapidly followed by the en- 
gineering application, which is called develop- 
ment. This step finally reduces the original knowl- 
edge to a useful economic factor, such as a new 
machine, a new material, a new new 
product, or a new form of service. Out of such 
elements, the national economic potential is cre- 


pre CeSS, a 


ated. 

The national economic potential can be inter- 
preted as a nation’s total capability. It includes 
capability to progress in a material sense, capabil- 
ity to progress in a moral and intellectual sense, 
and capability in a world of complex forces and 
pressures to maintain its own freedom, its own 
philosophy, and its own integrity. The standard of 
living is often considered to be the index of the 
national economic potential for any given nation. 
The term capability, as used here, is intended to 
that is, 


relationships and not 


have a broader meaning competence in 


all national aspects and 
merely in material matters affecting the standard 
of living. The key role, and the predominant role, 


that scientific research plays in developing the na- 
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tional economic potential, therefore, becomes ob- 
vious. 

Germany emerged during the period prior to 
World War I as a great industrial nation founded 
upon advanced technology. Germany, at that time, 
had insufficient agricultural resources and a lack 
of suitable minerals and other raw materials and 
was deficient in natural power resources. Yet with 
a population not much larger than its principal 
neighbors, and much smaller than its largest neigh- 
bor, it emerged as a leader in world trade. It had 
a constantly expanding standard of living, accom- 
panied by many advanced forms of social progress. 
Its great chemical industry was a marvel of the 
world and had by research produced new drugs, 
new dyes, and many new materials and processes. 
Other technological industries were introducing 
new machinery and new processes that were the 
envy of the rest of the world. 

How could a nation deficient in natural re- 
sources and limited in geography become such a 
dominant power in competition with other ad- 
vanced nations? No simple answer serves the pur- 
pose, but an example will prove interesting. Al- 
though British and French chemists had formed 
the groundwork for the new synthetic chemical in- 
dustry, the German nation was the first to exploit 
it. Its chemical industry employed the most en- 
lightened methods of research in organized labora- 
tories of greater size than could be found elsewhere 
at the time. German universities attracted leading 
scholars in the sciences from the entire civilized 
world. Theoretical and applied science, basic and 
applied research, and technical development all 
teamed together to overcome the economic disad- 
vantages of a nation poor in natural resources. 
Germany, thus, provides an excellent example of 
the close relationship between scientific research 
and the national economic potential. 

It was early in the 1800's that the United States 
gave to the world the concept of mass production. 
This followed naturally from a civilization that 
was built upon a generous inheritance of natural 
resources and suitable industrial manpower, the 
latter of which continued to flow in largely from 
the older countries of Europe. The adoption of 
mass production was destined to play a major role 
in the national economy and was undoubtedly one 
of the greatest of all technological developments. 
This technique, however, may be described more 
accurately as an engineering development than as 
one stemming from the process of scientific re- 
search. In 1902, the first research laboratory ap- 
peared on the American industrial scene. ‘This was 
the General Electric Laboratory at Schenectady. 
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America, however, continued to be th 
of foreign scientific ideas and technolo 
is generally conceded that the United St. 
continues to lead in the application of 
duction techniques and that such me 
making a major contribution to the econ 
tential of the country. 

Just prior to World War I, American 
with respect to the field of scientific resea 
clearly into focus. America had relied | 
extent upon the products of the great 
technical industries for scientific instrume: 
cision optical systems, synthetic chemi 
dyestuffs; and the deficiencies in the w 
proved that the economic potential was limit 
and lacking in a diversity of scientific resources 
It has been stated that there were less than 10,() 
physicists in the United States at that time, Var; 
ous government bodies were created to survey | 
situation and organize the scientific talents of ¢! 
country toward the common defense. For the tirs: 
time, large industrial corporations became aware o! 
the fact that, wittingly or unwittingly, they ha 
depended upon the fruits of foreign research. The: 
followed the great expansion of research laborato- 
ries and the acceptance of the concept of scientifi 
research. The literature of the period indicates 
that the word research took on some mystical sig- 
nificance and became a slogan for many things 
remote from the current concept of scientific 1 
search. 

In the field of the national defense of the Unit 
States, the Industrial College of the Armed Forces 
in Washington, D.C., with the National War Col- 
lege and with the Joint Staff College at Norfol 
Virginia, constitute the highest educational fac! 
ities within the Department of Defense. All th 
organizations come directly under the cognizanc 
of the Joint Chiefs of Staff and, therefore, embra 
all the armed services. The very fact that the In- 
dustrial College was established on this high lev 
of the military educational system is an indicatio! 
of the importance that economics now plays 
planning for the defense of the country. ‘The In- 
dustrial College assigns a major group of Its [ac 
ulty and a portion of its curriculum to the rol 
technology. In this area of its studies, the conc 
of scientific research plays a key part. 

It has been forced home on the leaders 
armed services that wars are won or lost 
basis of the national economic potential 
than on the current strength of the arme« 
The upper limit of effective mobilization, 
strategy itself, and the allowable specific 
effort for any given operational area are 
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derived | om the economic potential of the coun- 
It | therefore, become of vital importance 
servation of the nation that its military 
om taught to understand the function of 
wchnolovy and the basic role of scientific research 
the economic power from which the 
pport of all combat operations is derived. 
i to the growth of research in the 
United States, Fig. 1 illustrates the startling recog- 
nition of the function of research and its accept- 
ince by government and by business in the last 
”) years. This chart shows the extraordinary ac- 
celeration of research under the impetus of World 
War II, followed by the recognition of the impor- 
ance of research in the period of the “cold war.” 
[he professional term military posture, as used to- 
day in diplomatic circles, reflects the contribution 


n form 


that scientific research has made. 

[he recent volume of David E. Lilienthal, Big 
Business: A New Era, states that the diesel engine 
was 30 years under research and development be- 
fore coming into general use, and, likewise, that 
iu Pont’s nylon was the product of 13 years of ef- 
fort and an expenditure of more than 20 million 
ollars before the first bolt of material was mar- 
seted. It has been stated that Monsanto’s 
Krilium is the product of 11 years of research; and 
the modern gas turbine, well known in theory be- 
lore World War I, became a factor for the first 
ume in World War II, more than 30 years later. 
ihese examples are illustrative of applied research 
nd development and are instances of specific ap- 
ications, but the fundamental scientific develop- 
nents from which they were derived long preceded 
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1935 1940 1945 1950 1953 
Growth of research in the United States, based 
s from the Research and Development Board 
an Report. (From a lecture by Clyde Williams, 
telle Memorial Institute, before the Industrial 


the Armed Forces. ) 


The sources and distribution of expenditures for 
research and development in the United States to- 
day, by agencies, are indicated in Fig. 2. One of 


Universities and 
Research Institutes 


Federal 
Government 


Federal 25% 


Government 
56% 


ndustry 
44% 





Industry 65.5 % 


Where The Money Comes From Where It Is Spent 


Spending for research and development for 
1952. (National Industrial Conference Board. 


Fic. 2. 
the vear 


the most important and significant developments 
in this field is the work that is done in universities 
and nonprofit research institutions. This effort, in 
1952, amounted to 9.5 percent of the total; today, 
this percentage is considerably larger. The role of 
this group is relatively new and would hardly be 


apparent on any normal chart reflecting the total 


research done prior to the late 1930’s. 
A large American industrial unit in 

stalled three vital new processing techniques, with 

all their equipment. One originated in Poland, one 


in Sweden, and one in Italy; these were the three 


1952 in- 


most important new processing developments for 
the period in question. This adaptation is an ex- 
ample of American alertness to foreign research 
and technical development, the fruits of which, in 
nearly every instance, have subsequently been im- 
proved. The contribution to our own economy 
from such sources is often not adequately recog- 
nized. 

Until very recently, only in the older civiliza- 
tions was there to be found a natural encourage- 
ment for men of exceptional scholastic ability to 
pursue their theoretical studies in the cloistered at- 
mosphere of universities. If the great fundamental 
scientific developments leading to the new atomic 
age are studied, it will be found that it was France, 
England, Poland, Germany, Switzerland, Australia, 
Denmark, and Italy which contributed the major- 
ity of the great theoretical ideas. This occurrence 
was in spite of the fact that the experimental ef- 
fort and the final development of the end-products 
of all this research were first manifest in the United 
States. It that, in 
business is vet the kev role that 


should be added general, big 


unaware ol uni- 
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to year. The statistics on trained scho 
neers, and technologists in Russia toda, 
pared with the United States, and the 
placed by the Soviet government on indu 
scientific research readily indicate the 
rapid progress in this field in the Soviet | 
Figure 6 shows the remarkable corre! 
tween the power output per unit populat 
United States beginning in 1902 and th 
asian standard of living expressed in standard d 
the same period. It is interesting to note | 

Nd on the standard-of-living curve of the d 


a , pt : , 
2 of the 1930’s and the boom period of W. 


seteeagseseussecanl 
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II in the 1940’s. Except for these two n 
fects, the curves of the graphs are paralle! 
Fic. 3. Growth of research in the United States in Out, and the conclusion might be made 
— of dollars. (Industrial College of the Armed national economic potential, as well as 
‘orces. ) e os ae 

tional standard of living, are each reflect: 
24° ; ‘ . ower available per unit population pe 
versities must play in generating a favorable at- I gl, Me: . at 
q 2 ; should be evident that production results fro: 
mosphere in which exceptional scholars will work. ‘ 
son ; , available power and that new products result ‘ron 
These scholars are the men from whom will come 
Se : ; research and development as well as do the met! 
the new scientific and philosophic concepts that é , . 
‘ erie lari ck led ods and processes for their production. 
will expand outward the boundaries of knowledge 1 , 
f oe : . 5 Phe Du Pont Company has developed a chart 
rom whic 1 technologic il pre gress emerges. . reflected in Fig. 7, that indicates the enorm 
Figure 3 indicates the extraordinary relationship — contribution made by machine labor to the stand- 
between the growth of research in government rela- — ard of living. the national product, and, hence 
tive to 1ts srowth In industry. Research 1S used in the national economic potential. A century ago 
this chart comprehensively to include the social sci- national economy reflected almost entire! 
ences, the life sciences, physics, chemistry, mathe- physical work of men and animals. ‘Today, it is ap- 
matics, and associated fields. In monetary terms, proaching the forecast ideal of the year 2003, whe 
this illustration can be misleading, since the least it will be based almost wholly on the machine. 
expensive research is that which is solely in the The contribution to the economy of the natior 
realm of ideas, statistics, and philosophic concepts. by the technological development of materials | 
been important in the recent past and will continu 
to be so in the future. Many new organic products 


are now available to industry. The new technolog 


Figure 4 shows the gross national product of the 
United States in billions of dollars and the popu- 
lation growth of the country. It is not certain that 


ee . ; of chemurgy, for example, may prove to be the 
a precise correlation can be made between such , , 





a curve and that of the growth of research as re- 
flected in Fig. 1, since the relating factors are not 
simple and direct. It can be fairly stated, however, 
that the gross national product could not reflect 
: an ' Gross National Product 
the enormous growth represented in Fig. 4 with- 
out a corresponding effort in the field of research 





and development as indicated in Fig. 1. 

Figure 5 illustrates graphicaliy the quantitative 
comparison of the standard of living in a number 
of principal countries. A measure of the national Pepetetina 
economic potential of any country is based upon 
the total power available. Thus, the standard of 
living in any country can be shown to be coincident ; ee 
with the power available per unit population per sa 
year. The USSR ranks below the middle of the ea Pe ea cage Sage oe 
list but is making rapid strides forward from year country. (Industrial College of the Armed For 
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nany of the problems raised by the Paley 
he President’s Materials Policy Commis- 
study of the resources for the future. 
unples of new fields of technological de- 
with tremendous implications for the 


Repor 
gion 
Other 
velop! 
) atomic power, coal hydrogenation, oil 
raction, radiation synthesis, and ultrason- 
iese fields will depend upon research and 
ent for their realization. 

iid be impossible to overemphasize the 
importance to man of the atomic age. Dr. Farring- 
ton Daniels, of the University of Wisconsin, has 
pointed out the limited natural resources of the 
world and their degree of exhaustion as civilization 
builds ever higher levels of living. It is stated that 
there is estimated to be 23 times as much atomic 
fuel suitable for energy available in the earth as 
there is the sum total of all the fossil fuels of oil, 
vas, and coal. The Paley Report forecasts in a 
dramatic manner that by the year 2023 mankind 
will have insufficient sources of fossil fuels to main- 
tain civilization in the standard of that time. How 
better can the role of research and development 
be portrayed than to show that it alone can resolve 
this dilemma? 

Modern cosmologists point out that the earth 
isroughly 24% billion years old. The earliest remains 
of man are indicated to have been discovered a 
ttle over 15 years ago and to be approximately 


“11 


million years old. Civilization is recorded only 
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Fic. 6. Standard of living compared with available 
energy per unit population. The left-hand scale repre- 
sents constant dollars of gross national product per capita. 
The right-hand scale represents kilowatt hours per 
capita. 


for the last 6000 years. Yet the cosmologists relate 
that the atomic cycle of the sun forecasts 6 billion 
more years of suitable climate on the earth in which 
mankind can carry forward his evolution and his 
existence. How could even a minute portion of this 
God-given future be utilized for the betterment of 
man without an accelerated and continuing em- 


phasis on the role of research and development? 


III. The Contribution of Industrial Research 
to National Security 


It is the tragedy of the time that our nation’s 
primary concern is with its security. The Commu- 
nists, dominated by the Kremlin of Moscow, are 
attempting to destroy the governments and social 
structures of the free world through threat of an 
all-out war, while at the same time attempting to 
attain their goal through so-called ‘cold war” 
techniques of their creation. 

America can remain free and be secure only if 
it protects itself from both of these techniques 
aimed at its destruction. The nation’s program for 
its protection is the building of a military potential 
of great streneth while maintaining a healthy and 
expanding economy. A military strength of such 
obvious effectiveness is being created that it should 


deter the Kremlin from seeking to attain its goal 
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by the military route; however, should the Kremlin, 
through plan or accident, precipitate a war, the 
free world should be the victor. While building 
this strength, America is maintaining a_ healthy 
and expanding economy in which all citizens share 
its social and economic benefits. This structure 
offers protection from the “cold war” tactic in 
which the Kremlin hopes to “bore from within” 
by building Communist revolutionary 
strength in an atmosphere of economic chaos where 
a significant number of the citizens are in the mood 
for a radical change in the pattern of society. 


internal 


Industrial research contributes to national secu- 
rity through its application of scientific knowledge 
in the military area to the creation of new weap- 
onry and in the civilian area to the creation of new 
facilities of benefit to the economy and to the en- 
richment of life. Other research laboratories of the 
nation join with those of industry in this contri- 
bution. The laboratories of government, of aca- 
demic institutions, of foundations, and of industry 
are increasingly joined in unified research pro- 
grams. Their contributions to the military have 
made our nation the arsenal of the free world and 
the leader in the struggle to maintain its security. 
At the same time, their output for the civilian area 
is basic to an abundant and expanding economy. 

The statistics of the current dollar volume of the 
nation’s basic and applied research effort are most 
impressive ; in fact, their magnitude is astronomical. 
The contributions to military strength and to the 
civilian economy that this level of expenditure pro- 
duces are even more impressive. The nation applied 
only a negligible fraction of its basic and applied 
research strength to new weaponry before 1940. 
During the period 1940-1945, research laboratories 





made revolutionary changes in the ch 
warfare. Radar, sonar, proximity fuse, a 
homing torpedo, and atomic weapon are 
were completely unfamiliar in the 193' 


1S that 
Phese 
terms, along with many others, are desi Seal 
the new weaponry that was created by esearc} 


World 


O War: 


talent and were produced by industry 
War II. Without question, their applicati: 
fare hastened victory with a saving of ericar 
lives. 

Since the close of the war, the nation 
tories have continued their application of 


labora- 
lentifi 
knowledge to improved weaponry. The weapons 
of World War II were still in their pi 


stage at the close of the war; they have bee 


neering 


greatly improved and new weapons are constant) 
added to our arsenal. The advances have bee; , 
most significant in atomic weaponry and the mech- | 
anisms and methods of their delivery. Their com- 
bined effectiveness is appalling. A variety o! 
atomic-weapon types ranging in destructive pow 
from the tens to the hundreds of kilotons of TN] 
equivalence are now available. Methods of delive: 
ranging from supersonic piloted bombers throug! 
electronically guided missiles to rockets and cannoi 
are either in being or near at hand. The milita C 
effectiveness of the atomic warfare that these nev 
weapons and their methods of delivery have gener- 
ated is given such a high effectiveness rating that , 
in the current planning for defense in the years 
immediately ahead, significant reduction in man- 
power is contemplated with no sacrifice in militai 
strength. 

The contributions of basic and applied researc! 
to the civilian economy are important in the mai! 
tenance and preservation of the free society t! 
has evolved under our capitalistic system of democ- 
racy. If the social and economic structure of a ‘0- y 
ciety provides its people with a good life, with no! 
too great variation in its quality from the bottor 
to the top of its structure, and accompanies t] 
with a reasonable amount of leisure for all, 
overwhelming majority of the members of th 
ciety are then content with it as a framewor! 
in which to live. Conversely, if the economic an 
social structure of a society fails in providing thi e 
environment, then a significant number of its 
bers are discontented and ready to turn to an the h 
structure of society that gives promise for such @ 
environment. In countries where the latte: 
tion prevails, the Communists have been, 
ing degrees, successful in promoting thei 
ophy and creating a desire for revolution. 

The quality of living of the people of 
is at the highest level in the world. This co: 
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ittained while the hours of work to pro- 
ive steadily decreased. Increasingly with 
ichness has been extended to all members 
Differences in quality of living from the 
top to the bottom have been steadily nar- 
vhile the level of all has been raised. There 
in environment that is unfavorable to the 
\ist, and he has had in fact little success 
ng his revolutionary philosophy accepted. 
jualities of society are of great importance 


itional security. A military potential of maxi- 


mum strength will not suffice for the preservation 
{free and democratic society unless it maintains 


and 


eradually enhances the qualities of living of 


all its people. The nation’s basic and applied re- 


sear 


ment 


itp 
1¢ 


h is, perhaps, the most essential of all the ele- 
s that contribute to these qualities of American 


Two examples will illustrate the operation of 


applied science and technology in the rise of the 
standard of living. Agriculture is chosen as the 


hirst, 


since it is basic to existence. In the past 30 


years, the food production of the world has in- 
reased by less than 10 percent, while the popula- 
tion has expanded about 30 percent. In the United 


State 


same 


than 
with 


with 


's, while the population has increased about the 


amount, food production has expanded more 
50 percent. This rise has been accomplished 
substantially no increase in farm acreage but 
a significant decrease in farm population. 


Thirty years ago the farm population was some 30 
million. By 1950 it had decreased to some 24 mil- 


lion, 


and the farmer’s hours of labor have signifi- 


cantly decreased. 
The increase in food production with a decrease 


nm 


S ibst 


an hours required and with the utilization of 
antially the same farm acreage has been made 


possible by the application of scientific knowledge 


to tl 


e food-production problem through applied 


research and technology. Mechanization of the op- 
erations of farming played an important role. With 


the 
chine 
and 


increasing effectiveness of cultivating ma- 
ry, the tractor and its driver can cultivate, 


more effectively, in excess of double the acre- 


age formerly done by two horses and a man. The 


eneré 


mac! 


prod 


lor driving the tractor is oil, a mineral prod- 
hile the energy for sustenance of the horse 
be obtained from the acreage it cultivated. 
2, farmers purchased about 100,000 power 
ies as aids in their ever more efficient food 
tion. 
applications of chemical knowledge have 
least as effective in increasing the efficiency 
production as has mechanization. Fertili- 
f the soil by a variety of relatively low-cost 
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chemicals increases the productivity of the soil. A 
great variety of organic chemicals are also used, 
such as herbicides, soil conditioners, fungacides, 
defoliants, growth regulators, and insecticides. The 
names of these chemicals are adequately descrip- 
tive of their use. Thirty years ago most of them did 
not exist. Farmers purchased some 400 million 
dollars’ worth of these chemical products in 1952. 

The chemical industry is the source of the ferti- 
lizers and the organic chemicals for a variety of 
agricultural applications. It is one of the younger 
industries and is, perhaps, the fastest growing. Its 
contribution to national strength through aids to 
civilian economy and to the military are of growing 
importance, for, as the natural products of the 
inorganic world become depleted, it is to organic 
chemistry that we must turn for the essential ma- 
terials of industrial society. Research and develop- 
ment are the cornerstone of this vital industry; 
scarcely a year passes when each of the dozen or 
so larger chemical companies, through their re- 
search and development programs, do not add 
from 10 to 15 new products for the industrial or 
consumers’ market. Forty percent of chemical sales 
is accounted for by products that did not exist 15 
years ago. In 1937, the sales volume of the prod- 
ucts of the chemical industries was about 700 mil- 
lion dollars, while today it is in excess of 4 billion. 

The chemical industry, among its many contri- 
butions to military strength, has given distinguished 
service to the government in using its manage- 
ment, research, and engineering strength in the 
development of plants and their technical processes, 
and then in operating the plants for production of 


products essential to military needs. Synthetic rub- 


ber, fixed nitrogen, and processing of uranium ores 
are typical of the specialized government-owned 
plants to which the chemical industry has contrib- 
uted so much of management, research, and engi- 
neering talents. Chemical research, in which that 
of industry is the largest element, is vital to national 
security in the military and civilian areas. 

The second example of applied science and tech- 
nology is taken from the service industries. Com- 
munication is becoming increasingly important in 
the nation’s economic and social life. Thirty years 
ago the Bell System, which supplies a little more 
than 80 percent of the nation’s telephone service, 
served some 8 million telephone subscribers. Today, 
its service is used by about 41 million subscribers. 
While the number of stations has increased five- 
fold, this fact is an inadequate measure of the in- 
crease in service that the System provides. Thirty 
years ago, because of limitations imposed by tech- 
nology, the distance of telephone communication 





was severely limited in comparison with today. 
The conversation of most subscribers was restricted 
to an area perhaps not more than 50 miles in 
radius, although a limited number were beginning 
to talk across the continent. Today, through teleph- 
ony, the entire nation has become a neighborhood. 
The extended area of use of telephone service has 
grown to such proportions that the development 
of nationwide subscriber dialing to provide more 
rapid and more economic service is well advanced. 
When these facilities are nationally installed, any 
subscriber in the nation will be able, through dial- 
ing, to interconnect with any other subscriber in 
the nation. The range of telephony is not restricted 
by national borders. With the aid of Bell System 
transoceanic radio telephone circuits, any sub- 
scriber may be connected with most of the 33 mil- 
lion subscribers beyond our borders. Bell System 
service has also been extended to record communi- 
cation where a teletypewriter can “talk” to any 
other teletypewriter anywhere in the country. Na- 
tional radio and television program circuits dis- 
and 
television broadcast stations throughout the land. 

This fivefold increase in telephone stations, en- 
hanced long-distance service, and new record and 
broadcast service are all supplied with only a three- 
fold increase in number of employees in the oper- 


tribute programs to the hundreds of radio 


ating companies of the Bell System. Some 30 years 
ago, there were 225,000 such employees, while to- 
day the number is approximately 600,000. The five- 
fold increase in number of people served, the im- 
provement in quality and the extension of service, 
and the new services have been realized with only 
a threefold increase in operating personnel through 
the application of new scientific knowledge by in- 
dustrial research and technology. 

The Bell System at its Bell Telephone Labora- 


tories maintains a large research and dey 
organization for converting new scientifi 
edge into new telephone technology to 1 
sible more economic, improved, and exte: 
phone service. ‘The growth and increased 
telephone service that has been described 
possible only through this conversion of 
knowledge into technology. 

Telephone technology has much in com: 
that of new weapons systems, particularly 
automatic guidance and direction. Bell 
tories, along with the other communicat 
electronic laboratories of the nation, ha 
large contributions to the development otf 


systems. In the period since 1940, for ex 


almost one-half of Bell Laboratories expx 
has been for research and development 


military. Weapons systems of great varict) 


resulted from this work and have been produced 


for the military in dollar volume well in excess o! 


4 billion. 


The basic freedoms and the cultural values that 
the individual of the Western World enjoys a: 
now threatened by the dynamics of Communism 
to a greater extent than at any time in the histor 
of Western civilization. Our nation, with its creat 


strength and dedication to freedom, must 


i@ad 


and make the largest contribution in the preserva- 
tion of these values inherent in Western societ 
The continued security of America is vital to this 
leadership and contribution. The research of th 
nation is essential to the maintenance of this secu 
rity. Industrial research is carrying out some two- 


thirds of the research pregram. Looking t 


future, its responsibilities are increasingly great 


The nation’s industrial research is strong 


virile; it may be assumed that it will continu 


measure up to its responsibilities. 
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The author, director of Forest Park Museum, Springfield, Massachusetts, holds 

an M.A. degree from New York University. His recent book, Ways of Mammals, 

is generally regarded as the standard authority on the folklore of our quadrupeds. 

Mr. Moore is currently collecting and evaluating material on reptile and amphib- 
ian folklore for publication in book form at some future date. 


OUNG Florida alligators, at the tender age 

of one or two years, are sold in large numbers 

as souvenirs and are then brought north by 
tourists as family pets or for the entertainment of rel- 
atives and friends. Needless to say, when the novelty 
{having one of these unresponsive and apathetic 
reatures wears off, the nearest natural history mu- 
eum or zoo is called and the offer of a new alliga- 
tor is made.* 

A week after the doors of our own museum were 
thrown open to the public, a women visitor brought 
na crocodilian offering for the small but up-and- 
coming live animal gallery. After boarding the 
nimal in her bathtub for two weeks, she decided 
that family cleanliness came first and that the ’gator 
must oo! 

We are appalled by the thought that, had our 
iseum accepted all the alligators generously prof- 
fered by the public during the past decade, we 
would now have close to one hundred crocodilian 
guests receiving board and keep. To maintain such 
imammoth menagerie, an enclosed steam-heated 

ngle garden would have to be constructed. More- 
ver, the food bill would be staggering in so far as 

i modest budget is concerned, and a small corps 
'men and boys would have to be kept in the field 

| summer collecting live fish, frogs, and sundry 
protect the breeding stock of the alligator in 
nd to check overhunting, the state is enforcing 
yv. Certain important provisions of this law are 
efly as follows: alligators eight feet or more in 
y be taken from October 1, 1953, through the 
f January 1954; ten counties in the state are 
tirely to the collecting of alligators; ten days 
led following the close of the season for dispo- 
hides taken legally; shipment of alligators and 
s by common carrier is prohibited except on 
m the Game and Fresh Water Fish Commission. 
d now that certain Florida pet dealers are, as 
e for the native alligator, importing and stock- 


South American caimans for tourist sales and 
their mail order business. 


other delicacies that delight the palate of hungry 


young crocodilians. 

Concomitant with the maintenance of young alli- 
gators in a museum or zoological garden are the 
hundreds of inquiries made by the visiting public 
in the course of a year concerning the behavior and 
physical peculiarities of the animals. Probably the 
most frequent question is, “What will you do with 


the alligators when they get big?” This question 
bothers us no end, and we cannot easily visualize 
our little community of six alligators, grown to ten 
or twelve feet and swimming about in a large pool 
in the limited confines of the old New England 
mansion that has been converted to museum use. 

The idea prevails that alligators always grow 
very slowly. Typical of this is the statement made 
in 1900, by Hugh M. Smith of the U. S. Fish Com- 
mission: “Alligators grow very slowly. At fifteen 
years of age they are only two feet long. A twelve- 
footer may be reasonably supposed to be seventy- 
five years old.” 

In their natural habitat in the hot, humid Flor- 
ida Everglades and in certain other localities in the 
Gulf States, and with an abundance of food, alli- 
gators actually grow rapidly. They may attain 
sexual maturity in six or seven years or when less 
than eight feet in length. A seven-foot female was 
known on one occasion to deposit thirty-seven eggs. 
Although alligator growth continues after matur- 
ity, it gradually diminishes. If a thirteen-foot speci- 
men is encountered today 
indeed a rarity. 

Raymond L. Ditmars made extensive studies of 


in the wild state, it is 


alligator growth and development, both in the 
reptile’s natural habitat and in the zoo. From one 
clutch of eggs of the American alligator that he 
collected came young whose average length at five 


years was five and a half feet. “A specimen in the 





reptile house of the New York Zoological Society, 
measuring exactly seven feet,” he noted, “grew to 
a length of 10 feet, 11 inches in five years’ time.” 
It shou:d be added here that temperature and hu- 
midity in many zoological park reptile houses, in- 
cluding New York’s, are carefully controlled, with 
the result that those conditions conducive to alli- 
gator growth are usually present. On the other 
hand, those young ’gators brought into northern 
homes and maintained as pets, under markedly 
artificial conditions, do not develop normally. They 
become sluggish and often refuse to eat the raw 
hamburger imposed on them by kindly intentioned 
owners. Consequently, if they grow more than three 
inches a year, it is, to say the least, unusual. 

The family Crocodilidae comprises some twenty 
different species. Within this group, only two species 
of alligators are known. Alligator, the generic as 
well as common name, is a corruption of el lagarto 
(meaning the lizard), a name originally conferred 
upon the reptile by sixteenth century Spanish ex- 
plorers and settlers in North America, who con- 
cluded that the creature was a huge lizard when 
they first observed it. The Chinese alligator, which 
inhabits the Yangtze-Kiang River and its environs. 
was brought to the attention of the world in 1870 
by the explorer-naturalist Swinhoe. 

It is a popular belief in North America that all 
crocodilians are man-eaters and that they take a 
fiendish delight in stalking any person who ven- 
tures into a jungle pool or river. This impression 
is continually conveyed to us by movies of the ad- 
venture type. We know of no authenic records of 
the American alligator killing human beings, but 
we do believe certain large individuals might be 
sorely tempted to attack a man if he audaciously 
goes bathing in their haunts. The real man-eating 
crocodilians, if they may be so called, are the salt- 
water crocodile (Crocodilus porosus) of Asia and 
the Pacific Islands* and the African or Nile croco- 
dile (Crocodilus niloticus). 

The crocodilian diet is comprised mainly of fish, 
frogs, snakes, and crustaceans. An alligator will 
avidly snap up any small mammal unfortunate 
enough to get within the range of its powerful jaws 
and tail, and wading birds and waterfowl are 
occasionally taken unawares and consumed. 

Floating motionless in the water for extended 
periods with only their nostrils, eyes, and a small 
part of their backs exposed above the surface, croc- 
odilians may prove a real menace to many kinds 

* C. porosus has an unusually extensive range which 
embraces India, Ceylon, and southern China, the Malay 
Archipelago, including the Solomon Islands, and North 
Australia. 
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of animals that come down to the wate: drink 
or to bathe. The fatal error is to mistak¢ rep- 
tiles for floating logs. In addition to its uti 
as an instrument of propulsion, the crococ 


valu 
in tal) 
is a formidable weapon of offense. One \ 
ted lateral blow with that member will eas 
a man off his feet, or any medium-sized qi 
that inadvertently gets within range. When a vie. 
tim has been captured and rendered hors de com. 


direc. 
Knock 


idruped 


bat, through immersion, crushing of the body, and 
nervous shock, the crocodilian comes to the surfac 
to eat. Small animals are swallowed whole, by 
large ones may be torn into a number pieces 
convenient for swallowing, in a tug of war by sey- 
eral crocodilians. Although several writers of recen: 
popular books about animals state categorical) 
that the carcasses of large animals are hidden and 
left until the flesh decomposes and becomes soft 
we are inclined to view such an activity on the part 
of crocodilians with doubt. The storing away of 
food for future use has never been reported as a 
confirmed crocodilian trait by competent students 
and observers of the reptiles; moreover, we belie 
that many kinds of animal 
quickly locate and convert to their own use an) 


scavengers would 
cached food. 

The tongue of a crocodilian is fleshy and non- 
protrusible. Because it is attached to the floor of t! 
mouth except at the extreme edges, it is somewhat 
inconspicuous as tongues go, hence the old belie! 
that the reptiles have no tongues. 

The eminent Greek historian Herodotus, in ¢! 
fifth century a.p., did considerable traveling in t! 
countries bordering the Mediterranean. In the po! 
pourri of beliefs and the details of information | 


collected and recorded of the crocodile (Book I! 


is the remarkable statement tha 


section 68) t 
does not move the lower jaw, but is the only an: 
mal that brings down its upper jaw to the under 
one.” ‘This misconception has had a long and tena 
cious existence, and the identical statement appt 
in a current circular of a Florida “alligator farm 
where it is cited as a means for distinguishing croco- 
diles from alligators. The fo!lowing brief but sig- 
nificant comment is offered by Karl P. Schmid! 
“If one views an open-mouthed crocodile (01 
alligator, for that matter) with entire obliv! 
the facts of anatomy, it may indeed appeat 


upper jaw is opened instead of the lower. T! 


pro' 


slightest observation, or even reflection, wou! 
that this is an appearance only, and that t! 
jaws of crocodilians are hinged to the fixed 
der of the skull as obviously as in ourselv 

In his account of the crocodile, Herodo 
alludes to the “tolerant relationship” th 
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How they hunted crocodiles in Florida. This copperplate engraving was done by 
Voyages. It is the first illustration of the 


luded in Volume II of his American 


egal 
a. 
~~ 
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Theodore de Bry in 1591 and is 
American crocodile ( Crocodilus 


tus) known to have been published and is based upon an earlier sketch by Jacques Le Moyne, a professional French 


inter who joined a Huguenot colony in Florida. 


between the Nile crocodile and Egyptian plover 
rcourser), often referred to as the crocodile bird. 
Standing on the reptile’s upper jaw the feathered 
ompanion” fearlessly picks and eats fragments 
food that have lodged between its teeth. The 
bird likewise performs yeoman service by feeding 
ipon parasitic leeches that attach themselves to the 


more tender skin about the crocodile’s mouth and 


In his quaint zoological treatise, The Historie of 


re-looted Beastes (1607), Edward ‘Topsell 


writes that the “little crocodile bird affecteth and 


lolloweth this for the benefit of his owne belly,” and 


that it “cleanseth the teeth thoroughly, for which 


ise the Beast is content to permit the Bird to goe 
mouth.” He further states that “when all 

d the ingratefull Crocodile endeavoureth 

y to shut his chappes together upon the 

d to devour his friend.” The gross misin- 

tion and distortion of facts that characterize 

ler’s tale by Topsell gives one the impres- 

N the writer was striving desperately to 
weave color, curiosities, and marvels into an other- 
wise prosaic texture of plain fact. Such would seem 


a small concession to publishers and the reading 
public of the time who were not altogether con- 
tent with precise fact but looked for, and were 
intrigued by, the extraordinary. 

It is interesting to note that, according to Pliny, 
the first crocodiles ever seen in Rome were five 
specimens imported from the Nile and exhibited 
in the menagerie of one Scaurus, about 28 B.c. 
We read also that in the days of Augustus, for the 
benefit of the populace who received its excitement 
vicariously, thirty-six crocodiles were introduced 
into the arena where they were summarily dis- 
patched by gladiators. 

Beyond doubt, the most venerable item of croco- 
dilian folklore concerns the shedding of tears with 
an accompanying moaning and groaning like a 
person in distress. ‘Thus the sympathetic but unwary 
wayfarer, attracted to the scene of sorrow. finds 
himself precipitately seized in powerful jaws with 
tragic results. Not only may the tears be shed as a 
lure for human victims, but they may also be ex- 
uded out of sympathy for the crocodilian’s prey, 
to be devoured or, 


about perhaps, already con- 


sumed. 





“Crocodile tears” was a common expression in 
both Greek and Latin literature. Polydore Virgil, 
in his Adagiorium Liber (1498), declared that the 
crocodile “wept at the sight of man,” and, causing 
him in this way to approach and view the unusual 
spectacle, would devour him. Thus the expression 
crocodile tears (Lachrymae crocodili) , was applied 
in a proverb to those who falsely arouse the pity 
and charity of men. “She’s false, false as the tears 
of crocodiles,” wrote Sir John Suckling in his play 
The Sad One (1639). 

In Adagia, Erasmus (1466?-1536) quotes both 
the Latin and Greek forms of the proverb, and in 
his Colloquy on Friendship he gives a story from 
Aelian’s De Animalium Natura, written in the 
early part of the third century, to the effect that 
the crocodile fills his mouth with water and ejects 
it to make the path slippery for his prospective vic- 
tim. Erasmus further explains that crocodiles mac- 
erate the heads of their victims with tears in order 
to soften them for easier swallowing. 

Sir John Mandeville, in his Travels (ca. 1371), 
among numerous other amazing phenomena, re- 
lates that in India “the cocodrilles sley men, and 
eate them weeping, and they have no tongue.” The 
same fable is repeated in the account of Sir John 
Hawkins’ voyage (1565), and malodorous compar- 
isons are made there between the tears of the croc- 
odile and those of women. 

Edmund Spenser (1552?-1599) , in his celebrated 
epic, The Faerie Queene (Book I, Canto 5), wrote: 

As when a wearie traveiler, that strayes 

By muddy shore of broad seven-mouthed Nile, 

Unweeting of the per‘llous wandring wayes, 

Doth meete a cruell craftie Crocodile, 

Which in false grefe hyding his harmeful guile, 

Doth weepe full sore, and sheddeth tender teares; 

The foolish man, that pities all this while 

His mournefull plight, is swallowed up unawares, 

Forgetfull of his owne that mindes an others cares. 


And in King Henry the Sixth (Second Part, Act 
III, Scene 1) of Shakespeare, we hear Queen Mar- 
garet describe her spouse as being: 

... Too full of foolish pity; and Gloster’s show 
beguiles him, as the mournful crocodile with sorrow 


snares relenting passengers. .. . 


It is true that the crocodilians shed tears, but the 
secretion is purely involuntary on their part. Indi- 
vidual alligators can do little in the way of tearing 
their food into smaller portions, and we have 
noticed on different occasions that while one of 
our museum specimens strained to swallow an 
especially oversized fish or frog, a number of large 
tears would run from its eyes and down its “cheeks,” 
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| hes 
and 


ryma! 


if the jugal region might be called chee! 
were veritable crocodile tears. The allig: 
crocodile, for that matter) has a tear or | 
gland in the corner of each eye. 

A strong possibilty exists that early trav: 
observers came to associate the lachrym 
tions of crocodilians, surfeited and choki 
food, with some supposed emotional fac¢ 
reptile’s nature. In attempting to ingest a 
large piece of steak at dinner one evenin 
while gasping desperately for breath, we w 


rs and 
secre. 
with 
f the 
over- 
¥, and 
C Con- 
scious of a copious flow of crocodile tears. Mos: 
readers probably can report similar experiences 

In one early Bestiary we find the statement: “Ij 
a crocodile comes across a man it kills him, but jt 
remains inconsolable the rest of its life.” We are. 
however, not enlightened as to why the reptile re. 
mains inconsolable for the remainder of its days 
The anonymous writer of this medieval and alle. 
gorical treatise on beasts describes the hydra as “a 
very wise animal who understands well how to in- 
jure the crocodile.” The modus operandi is quite 
simple, and the injury inflicted seems beyond ques- 
tion. “When the hydra sees the crocodile go to 
sleep it covers itself over with slimy mud, and wrig- 
gles into the crocodile’s mouth, penetrates into its 
stomach, and then tears it asunder.” 

The dolphin appears to be another foe of n 
mean potentialities. Pliny relates that when thes 
mammals desire to pass up the Nile, the crocodiles 
who regard the river as their particular preserve 
greatly resent their presence and endeavor to re- 
pulse them. As the dolphins (so the story goes 
fully realize that they are no match for their foes 
in a fair fight, they take refuge in their superior 
maneuverability and speed, and having a dorsal fi 
as sharp-edged as a knife, they swim swiltly be- 
neath the crocodile and, since the belly of thie rep- 
tiles is unprotected by hard scales or armor, the) 
rip the crocodile open with a single well-directed 
thrust! 

The crocodilians have vocal accomplishments 
that have been variously described as roars, grunts, 
bellowings, and mournful howlings. Some of those 


grunting sounds emitted by alligators, both in the 
wild and in captivity, concern the matter of ood 
Thus when the temperature rises to a comfortable 


80-85° F, alligators in captivity may evince a livel) 
interest in food and commence to grunt. However, 
this grunting cannot in any way compare to those 
grandiose, awe-inspiring roars delivered by big bull 
gators during the spring breeding season. “Nn 4 
calm, warm night in the swamps and bayo's, the 
roar of a romancing bull can be heard ali ost 
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One reporter of Colonial natural history, 
son (1709), said of alligators: “They 
make a hideous Noise against bad 


Weather, and before they come out of their Dens 


‘1 the Spring—a sound loud enough to shake a 


nouse. 

Although the evidence is not conclusive, it seems 
‘o be generally agreed that bellowing among alliga- 
“ors is done only by the males. When one bull begins 
« sound off, other individuals in the vicinity may 
‘in freely in the chorus. Several theories exist as 
« the purpose or role of alligator bellowing. One 
chool of thought interprets it as a mating call 
vhereby the female is attracted and drawn to the 
bull. An opposing school of thought insists that the 
jar has no special attraction or significance for the 
iemale, but merely serves as a warning and chal- 
nye to possible rivals who might encroach on the 
breeding area to gain the attention and favor of 
females. 

[he hissing sound produced by crocodilians 1S 
apparently a reaction to stimuli of annoyance. It is 
the result of the exhalation of air, and we have ob- 
vrved on numerous occasions that even when young 
lligators hiss, many of our museum visitors are 
ipprehensive, if not intimidated. 

Because crocodilians have comparatively good 
hearing, a perplexing question in the minds of many 
people concerns the whereabouts of their ears. This 
roblem was a vexatious one to alligator hunters 
vho often resorted to grunting in order to draw the 
ceatures from cover. Actually the relatively large 
iympanic membrane or “ear drum” is concealed by 
flap of skin and tissue that serves as a valve. When 
‘he alligator swims submerged, the muscular flap 

oses tightly, presumably excluding water. But 
shen the reptile emerges, the muscles relax and a 
lit is discernible. The alligator may at this time 
vibrate its flaps, probably to shake off any water 
that remains on them. 

Alligators evidently hear both under the water 
and out of it. Undoubtedly the sunken position and 
the flap provide the protection necessary for such a 
arge tympanic membrane. Its size is associated with 
an auditory sense more acute than that found in 

ther reptiles. 
Some students and observers of the alligator 
hat the secretion from the so-called scent 

f the reptile enables others of its kind to 

through the water. In other words, by 
means of these glands, which are possessed by 
membres of both sexes, it is possible for crocodilians 
‘0 loca'> one another by the scent left behind. Al- 
though alligators presumably use the scent glands 
iliary medium of communication, it is not 
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An unpleasant affair in an African river. This illustra- 
tion was used by Topsell in his Historie of Foure-footed 
Beastes (1607). Perhaps the hippopotamus shown here 
is merely annoyed at the creodile’s intrusion in his favor- 
ite swimming hole, but if this particular “river horse” 
is supposed to be devouring the crocodile, it must indeed 
be an exceptional beast, for actually the hippopotamus 
is no Carnivore. 


definitely known whether the secretion finds its 
greatest use in the water. One pair of the alligator’s 
scent glands lies within the cloacal slit and is not 
visible from the outside. Another pair of the glands 
is situated on the inner side, right and left, of the 
lower jaw, and has a slitlike opening on the outside 
of the throat, which is readily visible from below 
and leads into a pocket where the secretion from the 
elands is collected. 

From the days of the early settlers in America a 
distinctive odor has been ascribed to alligators. This 
has been variously described as fragrant, musky, 
fetid, and objectionable. One Colonial traveler in 
Louisiana wrote: “One cannot imagine how much 
the stench of the urine and excrements of the Cay- 
mans infects the air along the Red River.’’? But on 
the other hand, and from another source, we learn 
that the odor of the alligator or “‘crocodile” is fra- 
grant and not at all unpleasant.* 

We have been in close proximity to adult alliga- 
tors at all seasons and can say with assurance that 
our olfactory senses were never assailed by alligator 
odors. And, more specifically, we have not been able 
to detect any odor from the scent glands, although 
the reptiles are doubtless able to detect it among 
themselves. In discussing the matter, one naturalist 
who has guided numerous parties of tourists and 
sportsmen through the Florida haunts of the alliga- 
tor points out that members of his groups, on vari- 
ous occasions in the spring, mistake the strong and 
not altogether sweet odor of flowering wild cherries 
as well as other plant life for alligator odors. Certain 
individuals, he said, refuse to be corrected in the 
matter and insist that botanical processes are animal 
manifestations. 

The most striking characteristic of an alligator’s 
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physiognomy is a capacious mouth set in what 


might appear to be a perpetual leering grin, as if 
in derision of his unhappy prey. The concept of the 
grinning crocodilian originates from the fact that 
the “lip” lines of the jaws are curved several times. 
Thus when the mouth is even slightly open and the 
long rows of teeth displayed, the suggestion of a 
human smile is strong. Of the Nile crocodile, we 
note in Lewis Carroll’s household classic, Alice’s 
Adventures in Wonderland: 

How cheerfully he seems to grin, 

How neatly spreads his claws, 

And welcomes little fishes in, 

With gently smiling jaws. 

The crocodile apparently played a unique role in 
the affairs and religion of the ancient Egyptians. 
Several hundred mummies have been disinterred 
by archeologists in catacombs and tombs at Thebes. 
Herodotus noted that: 

Among some of the Egyptians the crocodile is sacred, 
while others pursue him as an enemy. The inhabitants of 
Thebes and those on the shores of Lake Moaris regard 
him with veneration. Each person has a tame crocodile; 
he puts pendants of glass and gold in its ear-lids, and 
gives it a regular allowance of food daily. When it dies 
it is embalmed, and placed in the sacred repository. 
But the inhabitants of Elephantine eat the crocodile, 
not at all regarding it as sacred. 

The stomach of crocodilians is fashioned some- 
what like that of birds, with an imperfect division 
into crop and gizzard. As do many birds, all croco- 
dilians have the habit of swallowing hard pebbles. 
This apparently aids in digestion. There is an old 
myth that the Nile crocodile swallows a pebble on 
each of its birthdays, thus giving reliable informa- 
tion as to its age by the number found in its gizzard 
at the time of its death. The habit of swallowing 
pebbles has also been suggested for some of the most 
ancient crocodiles, the teleosaurs, on account of the 
recurring presence of siliceous pebbles found with 
the remains of their skeletons. Pebble swallowing 
was also characteristic of the plesiosaurs, with whose 
remains stomach-stones, or gastroliths, as they have 
been called, are often found. 

Until the practice of medicine became firmly 
established on a scientific basis after the middle of 
the nineteenth century, the crocodile, in common 
with various other forms of animal life, was a 
source of numerous remedies for the treatment of 
human ills. A compilation of medicinal properties 
and uses of the reptile, taken from a number of 
sources in both Europe and America from 1600 to 
1800 indicates, for instance, that the blood was a 
sovereign remedy in the treatment of snake bite, 
specific diseases of the eye, and the general impair- 
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ment of vision. The fluid and ground tis 
crocodile’s gall found especial favor it 
mological practice. A portion of crocodi):.1 fles} 
some authorities recommended frying it fir:, wh, 
eaten or applied to a wounded or painfu part 
the human body was believed to relieve . 
toms and bring about a permanent cu 
skinne of the Crocodile,” 
century authority on materia medica, *“ 


wrote one s¢ 
powder, and the same powder, with \ 
Oyle, layd upon a part or member of thi 

be seared, cut off or lanced, taketh away 

and feeling of paine from the instrumen 
action.” The surgical patient of other day 
have had remarkable fortitude, as well as fait! 
the virtues of crocodile flesh, to allow his operati 
to proceed along such lines of anesthetization 

In Egypt, as well as in other Mediterranean 
tries, a “rubdown” or external application o| 
suet or fat of the crocodile was highly approved 
a treatment for fevers. We can never believe, ly 
ever, that the continued application of cro 
dung to the human scalp was accepted wit! 
great enthusiasm by those whose hair was fa 
out, yet this was a highly recommended and 1 
spected form of therapy at one time. 

The belief is almost universal among thi 
sophisticated, in all lands inhabited by crocodili 
that their teeth are efficacious against poison, dis 
ease, witches, and bad luck in general. Crus! 
into powder, the teeth form the basic ingredient 
numerous medicines to counteract poison. Amor 
various Indian tribes in South America, a caima! 
tooth pressed against a snake bite site is regard 
as a sure cure. In former times and among our 0w! 
southern Indian tribes, an alligator tooth wi 
about the neck was no mere ornament but was 
powerful charm in repelling venomous. snake: 
Even today, among our southern Negroes, alligat 
teeth form an essential part of the conjure bag 
And, like the sorcerers of New Guinea in 1! 
magic practices, the American Negro finds an | 
portant use for the alligator in his voodoo rites 

A more commonplace and far less colorful 
of crocodile teeth concerns the human toothac! 
One of the reptile’s teeth was carried about by t! 
person so affected and, through the inscrutal 
powers of sympathetic magic, the ache suppose: 
would be transferred from the human tooth to th’ 
of the crocodile. The tainted member was the! 
buried. 

From one reporter of Colonial natural 
we learn that if the hide of an alligator | 
with bullets, the cavities might receive th 
seeds of the willow, sycamore, cottonwox 
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side trees while the reptile hibernates in _ tion process, to our native Alligator mississip piensis. 


he seeds are then supposed to germinate 
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oot between the hide and flesh; and when ; eae Ato 
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the most. part, Colonial writers seemed content to 3. ANroINE Frangots Prevost D’ExiLes, Voyages du 
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One of the best examples that I can give, showing how fundamental research can 
be made to pay, is that of Dr. Langmuir’s work in the two fields of thermionic emis- 
sion and gaseous heat conduction. From one, we have our whole family of high-vacuum 
tubes, and from the other, the gas-filled incandescent lamp. 

The idea of applied research seems to have been adequately sold, but, speaking for 
the country as a whole, far too little effort is going into basic research. Most of our col- 
leges are pinched for money and will today certainly find it easier to sell the services 
of their staffs for work in applied science, directed to some specific end, rather than 
for work in basic research, which may or may not lead to useful applications. Not 
only this, but even the field in which its applications might lead is unpredictable. 

Everybody can see tangible results, but they can easily forget the basic research that 
established the new facts or principles and made these results possible. It is most 
desirable that our educational institutions, our scientific societies, our industrial organi- 
zations, our labor organizatons, and our government encourage and support basic scien- 
tific research. With sufficient basic and applied research, we can confidently hope to 
maintain and even raise our present high standard of living. 

Looking still further into the future, may not a continuous supply of new frontiers, 
provided by basic research, prevent the stagnation that might otherwise develop in our 
Western civilization? It is very impressive, and almost frightening, to see some of the 
remaining evidence of the wonderful achievements of the Mayan civilization in Cen- 
tral America and the Egyptian in Africa, and then to read of the rise and fall of 
other civilizations, and finally to note the shortness of the time involved in each case. 
It is clear that there have been various causes contributing to the decline of different 
civilizations. It seems equally clear that a constant supply of new horizons would not 
of itself guarantee the continued existence of a civilization. It might well prolong it, 
however, and would certainly add zest to living.—William D. Coolidge, “A plea for 
more fundamental research effort,” Science 119, 111 (Jan. 22, 1954. 
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The Algebra of Classes, or Boolean Algebra 
Y now a good many people have heard of the 
algebra of classes, also called Boolean alge- 
bra. This algebra has for its main operators 
AND . or (Vv), Nor (’), in the same way as 
elementary algebra has for its main operators PLUS 
(+), MINUS TIMES (+), and DIVIDED BY 
. Elementary algebra operates with numbers 
and with letters that stand for numbers; but 
Boolean algebra operates with classes or with state- 
ments and with letters that stand for classes or 
statements. The name comes from George Boole, 
a great English mathematician. (1815-64 
Boolean algebra has important applications in 
the outlining of rules and contracts, and the design- 
ing of on-off circuits for switching and computing; 
it is being studied and uesd widely in laboratories 
throughout the country. Boolean algebra is inter- 
esting and not difficult, and since it contains no 
numbers as coefficients as in 3m or as exponents 
as in b‘, it is essentially simpler than ordinary ele- 


mentary algebra. 


Examples of Boolean Algebra 

An example of the use of Boolean alegbra for 
handling conditions is shown in the folowing prob- 
lem (due to another Englishman, John Venn, about 
1894). 

Problem 1. A certain club has the following 
rules: (1) The financial committee shall be chosen 
from among the general committee. (2) No one 
shall be a member of both the general and library 
committees unless he is also on the financial com- 
mittee. (3) No member of the library committee 
shall be on the financial committee. Simplify these 
rules. 

Answer: The rules may be simplified as follows: 
(1) The financial committee shall be chosen from 
among the general committee. (2) No member of 


the general committee shall be on the libra: 
mittee. 

Another example of the use of Boolean alge 
for dealing with circuit elements is shown in thy 
following problem. 

Problem 2. 
if all the switches A, B, and C are closed. The rela 
FE is energized if and only if D is not energized an 


The relay D is energized if and only 


any one or more of the switches A, B, and ( 
closed. (See Fig. 1). Simplify the circuit for / 


For the benefit of those readers who may 
familiar with relay circuits, an electrical relay 
tially a device consisting of a coil of wire wound a1 
a soft iron core having the property that a contact 
switched or transferred when the core is magnetized 
running current through the coil. In Fig. 2 the physi 


structure of a relay is shown: when current flows f1 


“th 
lee 














Fic. 1. Circuits to be simplified: the Boolean e 
are (1) D=A-B-:C; (2) E=>D'(AvBvC). 
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, ground, the magnetic force pulls down the ?- 
“armature” above, causing the transfer con- 


Tr 
iove away from the normally closed contact R (oi R 
) the normally open contact NO. Relays may ou. CoNTACTS 
than one set of contacts, T, NC, NO, all 

NC No 


— 


it once. In Fig. 3 is shown the simpler sche- 
a relay and its contacts used in drawing cir- 
ving a number of relays and contacts. Fic. 3. Relay. 
ps Phe circuit may be simplified as tion is deficient, for it contains no variable repre- 
shown in Fig. 4, 
Now Boolean algebra is not necessary in order to 
‘se particular problems, but it is sufficient 
these problems and many more problems 


senting time. 

Our purpose here is to present briefly and fairl) 
simply an “algebra of states and events,” an algebra 
which takes into account classes or statements, and 
a numerical variable representing time, and which 
| NO | bend is adapted to the study of conditions which change 


from time to time in some sequence, “sequential 





conditions.” It is equivalent to Boolean algebra 





- R 
— 
RELAY senting time. 


Among the concepts contained in this algebra 


extended to include a numerical variable repres- 











of states and events are BEFORE, AFTER, WHILE. 
a DURING, HAPPEN, CHANGE, BEGIN, FINISH, IN THI 
GROUND 
NO NC 
ansfer Picku ormally 
Tr Pickup Normally Normally calculate with, and we can convert concepts sym- 


open closed bolically from one form to another form to con- 


Fic. 2. Relay. struct statements and circuits that satisfy sequential 


EVENT THAT, DELAY, and similar concepts. We can 
represent these concepts with symbols that we can 


; conditions. 
that are more difficult. And it is a straightforward 
ind widely applicable method, more so than most Witeey. Vartan 
ther methods. ; 

It is not our purpose here to explain and state all A statement is an expression which may be true 
the rules of Boolean algebra so that it may be un- OF false. If P stands for a statement, and ‘T 
derstood and calculated with. That information is stands for the “truth value of ... ,” then we may 
say that T(P) equals “truth” or “yes” if P is true, 
and “falsehood” or “no” if P is false. Now these 
The Algebra of States and Events words are not too convenient for compact han- 
dling; so let us use 1 for “truth” and O for ‘‘false- 


ivailable elsewhere*. 


However, there is a large class of problems either 
in circuits or in contracts involving conditions which 
change over time. Instead of classes with perma- 
nent members, these conditions give rise to classes 

nembership that fluctuates. Instead of circuits 

ive only one state, circuits arise that have - B C 
ssion of states. In these cases Boolean algebra < 
red as a model for dealing with the situa- 


hood.” In other words, the truth value of a state- 
ment P is 1 if P is true and O if P is false. If we do 
not know the truth value of a statement P (capital 


























New York, which also contains a fuller exposition 
given of the algebra of states and events. George 
original epoch-making book, The Laws of 
published in 1854, has been again reprinted, 
by Dover Publications, New York, 1951; but 
of the algebra given in that book has been e 
proved by later mathematicians, especially Ernst 
Another source for Boolean algebra is Chap- = 
\lgebra of Classes,” in Survey of Modern Alge- 
ed., by Garrett Birkhoff and Saunders MacLane, Fic. 4. Simplified circuit: the Boolean equation is 
n, New York, 1953. E=A(BbvCc\v ACavVG 








source is Circuit Algebra—Introduction, pub- 
y Edmund C. Berkeley and Associates, 36 West | 
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letter), let us use p (lower-case letter) to stand for 


its unknown or undetermined truth value. Thus p 


is a binary variable, a variable which can have only 


UO o1 


1 for its values. 





























X denotes an undefined pom} 
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=p omd ¢ 





undefi ned 




















Fic. 
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O = never 





Binary variables that are functions of time. 


From the common meanings of ANp, | 
sive-OR), and NOT, we can reason out tha 
Q are two statements with truth values 
then: 

(P AnD Q pq 

1 (Pog pt+q-pq 

T (not-P) =1-p 
Here the plus sign, multiplication sign, a 
sign are the signs of elementary algebra, 
be used in just that way. It is convenient 
to define two new operators. The operato: 
“vee” or “or’) is defined as: pv q=p 
The operator p’ (read “not-p” or “p prin 
defined as 1— p. It is convenient to read 
only p TIMES q but also fp AND q. 

This much is all Boolean algebra. 


Binary Variables Which Are a Function of Time ' 

Now let us consider a statement which ment 
a time t. Such a statement may be “The cin 
element F is ON at time ¢” or “John Q. Smit! 
alive at time ¢.” The binary variable p which sto 
for the truth value of a statement P which did : 
mention time now becomes a binary variable | 
or p; or simply p, which is equal to the trut! 
of a statement P which does mention time 

We now obtain a territory larger than Bool 
algebra; we obtain a territory that may be cal 
“the algebra of states and events,” or “statal alg 
bra,” or “Boolean calculus.” This territory is e 
to Boolean algebra extended to provide for chan 
in time. 

At any one time fp has to be either 0 o1 
undefined, but over an interval of time the va 
of f may change from 0 to 1 or from 1 to 0. ; 
if the change is not instantaneous, during 
change the value of p is undefined. We consi 
that we know the binary variable p completel 
for each time in the interval we know whethe' 
has the value 1 or the value 0 or is undefined. 

The algebra of states and events is of cours 
natural extension of Boolean algebra, bringing 
into closer relation with the real world. For in | 
real world, the members of a class of obje: 
the class or leave the class as time chang 
example, a horse becomes a current member « 
class of horses when it is born and ceases 
current member of the class of horses when 
Also, a statement true at one time may not 
at another time. For example, a circuit elen 
at one time may be off at another time. | 
tomary in ordinary language to talk abou 
these changes of state as an event, and so it 
sonable to speak of this extension of the al 
classes as the algebra of states and events. 
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Fic. 6. 
Time Units 


When we start dealing with p, q, 7 as functions 
f time ¢, the first question we need to consider is: 
How finely shall we subdivide time? Ordinary dit- 
rential calculus suggests that we treat time as a 
ontinuous variable,’ allowing subdivision of time 
wn to infinitely fine subdivisions, much finer than 
croseconds. This may be theoretically desirable. 
t it does not correspond very well with at least 


some aspects of the real world, and we are here pri- 


rily interested in the practical handling of condi- 
ons and the prac tical operation of circuits. Prac- 


it is useful to treat time as consisting of a 


succession of small finite units of time. For some 


rcuits, seconds are good units, for others millisec- 

nds, and for others microseconds. We shall suppose 

hat we can measure time in units, and we shall 

ten use as a unit either a “little unit,” the time 

it takes a condition or a circuit element of the 

we may be considering to change state from 

or from 1 to 0, or a “big unit,” which is a 

multiple of a little unit, such as 1000 times a 
init. 

n we use “little” units of time, p will take 

most) of a whole unit of time to go from 

start of the unit of time to 1 at the end 

unit of time, and vice versa. When we use 

inits of time, p will ordinarily have just one 

values 0 or 1 for a considerable stretch of 

nd every now and then changes will take 

jumps at the beginning or end or some 

oint in the “big” unit of time. Of course, 

ill be situations in the real world where 

of these simplifying assumptions works very 

nd in such cases we may need to make differ- 


mptions. 


Step-Functions 


will our variables p, q, 7 as functions of ¢ 
when graphed? They will be entirely 


15,4 








5 b 7 3 





Second way of graphing binary variables that are functions of time 


familiar to us as “step-functions,’ and will look 
like the graphs shown in Fig. 5. Here we have pro- 
vided for 8 “big” units of time along the horizontal 
axis: we have assumed that it takes the circuit ele 
ment we are imagining a thousandth of one of 
these graphed units of time to change trom 0 to | 
or from 1 to 0. Also, we have assumed that changes 
may occur only at the junctions of the intervals. 
Che first graph shows the function p, which is 


defined as: 
Continuous ¢ Counted ¢ 


0 to 1 


1 to 4 
} 


too 
b to 8 


Close to the time t equal to 4 (continuous tim 
t), for example, we shall not know in practic 
whether p equals 0 or 1: and so here p is undefined 
And in practice we contrive the circuit to avoid 
reliance on such a circuit element at such a time 

The same situation occurs when we go to condi- 
tions in real life instead of circuit elements. Suppose 
p is the truth value of “John Q. Smith is dead at 
time ¢.”” Now there is a day when John Q. Smith 
dies, and during that day there are moments when 
he is not vet dead, and moments when he is dead. 
and a group of moments in between when no one, 
friend, doctor, or scientist, can actually determine 
whether he is alive or dead. In those situations, f 
is in actual fact not defined, and there is little sense 
in being arbitrary about it and insisting on one 
definition or another; in actual fact we avoid rely- 
ing on the information p at a time when it cannot 
actually be determined whether p is 1 or 0. 

In Fig. 5, we have also shown the graph of a 
function g, which is defined as: 


Continuous ¢ q Counted ¢ 


Uto 2 


Ztood 
OH to 8 











Np 


Hp 





Np ¢ Hp 





H(Np * Hp) 





NH(Np * Hp) 
peNH(Np « Hp) 


= Tp 


























HNp 
NHNp 


= Pp 




















ii. Case Pp =1 
Fic. 7. Calculations of T"p. 


Also, the functions p oR q = pV q, P AND q = p°q, 
and Not-f = p’, and the functions “always |” (or 
“always”) and “always 0” (or “never’’), are also 
graphed and shown in Fig. 5. Note that pv q and 
p-q have undefined points at t = 6. 

There is a second way of graphing fp, q, 7 as func- 
tions of time, and that is to draw the graph only 
when it has the value 1. Often this is much more 
convenient, especially for calculation. See Fig. 6. 

In a case where a finite length of time is counted 
in “little” units, a table of the values of a binary 
variable p may look like the following: 


p 


1 to O 
0 
0 to 1 
1 to O 
0 





This might express the sequential hi: 
patient with a health record as follows: 


Statement P Statement P 


Well Penicillin shot 
ature went 
Well Normal temp: 
Fell sick Temperature 
again 
Fever ( Another peni 
and down t 
Fever 10 Normal temp¢ 


New Operators 


Up to this point, we still have what is almos 
Boolean algebra; but now we introduce new opera- 
tors which express such ideas as “before, during 
after, happening, starting, finishing, delay, chang 
etc. See Table 1; it should be examined closely 

The definitions of the new operators given 
Table 1 are in many respects obvious. It is easy t 
express them in terms of each other, and to stat 
theorems. However, in every practical situation t! 
points or intervals where the variables are 
fined must be kept in mind and attended to care- 
fully. Following are some comments on a number 
of the operators. 

Delay. The “delay” operator is symbolized D 
D‘(p), also written D*p and p**, is equal to tl 
binary variable p delayed k units of time, whic! 
equals p;., or p(t+k). In fact, if we think of | 
a function f of time t, equal to f(t), then f 
equal to f(t +k). Note that D*p is not defined 1 
the interval t=0 to t=k, and Dp is not defin 
in the interval t = n-k to t=n, where n is the | 
time being considered. An abbreviation for f 
p or p. 

Happen. The operator “happen” or “has hap- 
pened” is symbolized H. H(p), also written H; 
is equal to | for every time ¢ after the binary vari 
able p takes on the value I. More exactly, H'/ 
if and only if there exists a time ¢, such that ! 
and p(te2) = 1. 

There is an implicit equation relating the 
operator and the happen operator. Let m be a s1 
amount of time (a moment), in particu! 
smallest amount of time sufficient for an on-oll ©! 
cuit element to safely change from 0 to 1 0 
1 to 0. Suppose also that the duration of 
least as long as m. Then: 


H(p) = pv D"H(p 


In words, “‘p has happened if and only if 
currently, or at a moment ago fp has happet 
both.” 
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Meaning 


Independent variables (functions of time 
two ' 2 3 4& § 
a state 
another state 
a third state 
an event 
another event 







































































S almost 

W Opera- r » ‘ ; . 
‘at II. Dependent variables (functions of the independent variables 

‘} i while p, during p, identically p 
change, L when e, at e, identically e Ip 
osely, I's p for the Ist time q 
PIVEN In "4 p for the 2nd time Ie 
5 easy ti Hf p has happened * 

ns eas H p has happened for the 2nd time Ip 
tion the Dp, p. p* p delayed 1 unit of time Tp 

€ unde- D*p, | p delayed 2 units of time 

Ses aki. p advanced 1 unit of time Hp 

number \ not-p, except when p, except during p, p’ Hp 

p has not happened 

not-p has happened 
lized D Bo before q p! 
| to the 7 after q, q has stopped 


, whicl Eq entering q. starting q, beginning of q, just 2 


Pp, 





in q 
finishing q, leaving q, end of q, just out of gq p=l 
i . the event state ~ changing to state 7 
fined in ef the state from event e to event f 
defined pf. =O; p at time 0 is zero 
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* In the dotted intervals, 


thefunction is not defined. 


TaBLe 1. Operators of the algebra of states and events 











Np 

Hp 

Np ° Hp 
H(Np * Hp) 
peH(Np ¢ Hp) 


H2p = H [p2H(Np ° Hp) | 


Fic. 8. 





Calculation of * 


Using operators alone, this is: 


H = Iv D*H 


where I is the “identity” operator, that is, I{p) = p. 

Not. 
N(p), also written Np, or p’, is equal to 0 when p 
is 1, and | when fp is 0, and is undefined when fp is 


The “not” operator may be symbolized N 


undefined. 
Be fore. 


Let g be a binary variable which has only one 


The “before” operator is symbolized B. 


stretch, that is, only one continuous interval of tim: 
during which it has the value 1. Then “before q” 
is the same as “q has not happened”; in symbols, 
Bg = NH q. Using operators alone, B = NH. 

After. The “after” operator is symbolized A. 
Then “aiter q” is the same as “not q, yet q has hap- 
pened.” In symbols, Ag = Nq-: Hq. Using operators 
alone, A= N-H. 

“Before” and “after” can be defined in 
than one way for a binary variable with more than 
one stretch. The definition may take into account 
such possible meanings as “before the first stretch,” 


more 


“before the last stretch,” and “after some stretch.” 
Note that stretch” and “after any 
stretch” may be ambiguous since “any” may mean 
“every” or “at least one.” The definitions given 
above for B and A, when applied to a binary var- 
iable with more than one stretch, mean “before the 
first stretch” and “after the first stretch,” respec- 


“before any 


tively. 

Entering. The ‘entering’ 
is symbolized E. Let m be the smallest amount of 
time sufficient for an on-off circuit element to safely 
change from 0 tol or from | to 0. It is then a useful 
definition of “entering” q to say that “entering q” 


’ 


or “starting” operator 
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Has happened for the second time.” 


same as “gq, but a moment 


Eq q° ND" q) 


is the 


ago not-g 
In symbols, Using 
E =I - ND". 

Leaving. 
is symbolized F. In words, “finishing q” is the san 


operators 
The “leaving” or “finishing” operat 
as “not-qg, but a moment ago q.” In symbol 


Fq Nq 49" q). -N-D* 


These definitions make Eq part of q and Fq part 


Using operators, F 


of Nq, and resolve some ambiguous cases wher 
would otherwise be undefined. 

We can see that as m gets smaller and smaller 
without reaching 0, the states Eq and Fq can sti 
have a value 1. But in the limit, when m equals 
we have in both cases q« q’, which by Boolean ai 
gebra equals 0, and by elementary algebra q°q 
q(l-q) = q-q*, but q? 
q-q* = q~-q = 0 identically. 

The Event of Changing from One State to Ar- 
other State. 
p to another 
Fp: Er. 

The State Event to Another Event 
A state § may be defined as beginning with ont 
There 
are two cases. In the first case we think of the stat 
to the first occu! 


q for both 1 and 0, and s 


The event of changing from one stat 
state r is C(p,r [Fp AND Er! 
from One 


event e and stopping with arother event / 


§ from the first occurrence of e 


rence of f. This is simple and is equal to He: NH 
that is, e has happened and f has not happened. I! 
the second case, we think of the state S from an 


occurrence of e to the next following occurrenct 
of f. We express this as S(e,f), or S. Tech icalls 
e equals | at times ¢,, ts, t; .. . for a finite 1 imber 
of values, and 0 elsewhere; f similarly equals | ! 
times ts, ty, t ... for a finite number of values and 
0 elsewhere. Consider any of f,, ts, ts... and find 
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K, a key, and p, the 


/ \ information in the 
p, the in- ) a key closing 
formation , 
in the key a time delay 
closing relay,T, de- 


laying for 
k units of 
time; the] 
rT ¢ suggests a 
bimetal strip 
= for thermal 
delay 
T, a contact of 
relay T 


R, a relay 





contact of relay R 


q, the information 


in the output line . 
q, the information in 


the output line 





not-q + “< 
q P q = Dtkp 


erators 





perator Fic. 9.(a). Fic. 9(b 
1e sam 


ymbols, 





m 


'q part 


vhere q 


smaller 
an still 
als / R, a hold contact of the relay R 


ae p, the infor- 
ies mation in the 
< ke . ° = > 

y closing r , the information in the 
7s hold contact closing 
e state 


p Er! 














Event 
h ont 
Ther 


e state 


r, the information in the 
output line 


OcCUI- 
NH/ 
ed. In 


m an 


rrence 
ically, ¢ * the relay 
umber 


° 
s | at r‘= p vre Hp 
s and 
1 find 





THLY 





the value of ts, ty, ty... which next follows. Sup- the operator “is happening for the seco: 
pose they are ¢; and ¢; respectively. Then the state symbolized T?. Let p be a binary variab 
S equals | for every ¢ from ¢; to t;, including ¢; but more than one stretch. Then we may be 
not t;. This function S has the convenient property: in distinguishing between the various 

S =Nf- [ev D"S] IMp, the first stretch, “‘p is happening fe 
time”; T*p, the second stretch, “p is hap) 
In words, the state S is equal to “the event f is not the second time”: and so on. For ex 
happening, and either the event e is happening, or ‘Table 1. q = T'p. There are two cases, ci 
a moment ago the state § was happening or both.” ing with p)=0 and p,=1. We can cal 
If e and f are both | during the same small period for each case graphically 1s dwn is F 
of time, S in this period is undefined. If the duration can see that the first case is more general 
of ¢ is shorter than m, the smallest amount of time Judes the second: so we can write: 
sufficient for a circuit element to safely change ia , — 
coy then it is as if e were 0; and the same is true ? : — 7 ~) (P) —— 
for f. =(Z-I-NH(N-H) v NZ: NHN 

For the First or Second Time. The operator “‘is Happened for the Second Time. The o| 

“has happened for the second time” is symboli 
H?. From the general graphic calculation show: 
° : , Fig. 8, we can compute: 
p, the information in H?p = H[I- H(N-H)] (p) 
the input line 7 


happening for the first time” is symbolized ‘T', and 





And we could continue with a large number of 
the ramifications of the algebra of states and events 


b robably enough has been said to show mar 
P. the relay ul pro 1 , enoug s Ss oO low mM 
ways in which it can be further developed 
_—— 
— 





The main difference between a state and 
event is duration. States are long and events a 
short. But it is a relative difference, not an absolut 
one; for an event must not be shorter than m, t 
o-————_———-, least time for a circuit element to chang 
safely, and it is possible for a state to be as short 
that. Events, however, are likely to occur wit! 
P, e contact of the relay overlapping; that is, their overlapping can 01 
p, the information in narily be neglected. States, on the other hand, are 
the P relay contact lone, and they are likely to occur with overlappu 
between them, and their overlapping needs to | 


considered. 








Applications of the Algebra of States and Events 
to On-off Circuit Elements 
Np; in most cases this With the algebra of states and events, we c: 
can be used as a satis- both more accurate and more complete in our an 


factory approximation to ysis of the operations of on-off circuit elements 
Np However, we shall consider only one kind of ci 





Fic. 9(d) element, relays. 
| A relay becomes energized and its contact 


ate AFTER it is energized by current, instead ¢ 

ordinarily assumed when using Boolean algeb: 
the same time. A small amount of time, the 
ate-time” of the relay, is needed for a n 

« field to build up in the coil of the relay and | 


F ; <A ‘ : 
| -" its contacts to close. The operate-time of a1 

















lay, to 20 to 40 milliseconds for ordinary re! 
to a half second or longer for slow-acting 


ranges from about 3 milliseconds for a very 
J 4 


Fic. 10. Circuit satisfying problem 3. time-delay relays. 
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We 
and in. 
perato1 
bolize )\ 
=H{k- -HK) 
cea Z,=H[k-H(Nk 
iber ( f 
events, 
ma 
] a 
nd ar = 
tS are x 4 3 
SC ] 
m, the | 
ort ; 
e +2 
ithe J Z3 = H(k> Nk -x) 
ol 
d, are = 
pping Pac. 21. 
to ° - 2 e . 
ie four chief functions of the new algebra tha 
The { hief funct f the n lgebra that 
we desire to represent in the operation of relays are 
_— Dp, Dp, Hp and Np. Here m is the safe operate- 
time of a relay; k is any longer period of time; and 
; the duration of p is not less than m. We show in 
an be os Apes 
rig. 9 circuits which represent these four chief statal 
anal- ; 
ra functions in relays. 
ne! ‘ 
ir ’ ‘ 
Some Problems and Solutions 
ope the chief test of this algebra of states and 
1—as not so much whether it is as yet mathe- 
A—a B® mat entirely rigorous but whether it applies 
ip in solving problems. For mathematical 
neu ngor came more than fifty years later, as it did 
cast It nary calculus and also with Boole’s sketch 
relay Bo! ebra in 1854. 
tr en are some samples of problems that this 
S, Uf in apply to. 
adi n 3. An automatic oil furnace (F) is to 


‘ver the living room thermostat (L) calls 


'HLY 


ee | 


k Hk” 
} Hk 


















Z, = H(NK*Hk) 
' £ 
<-- 


2 operate -times 





Circuits satisfying problem 4. 


for heat, or when the associated hot water boiler 
thermostat (B) 
stop whenever the temperature in the chimney (C 


is too high, or the water level in the boiler (W) is 


calls for more hot water. It is to 


too low, or when the oil level in the fuel tank (O 
is too low. Express Fina relay. 

Solution: Let the binary variables of the condi- 
tions be as marked by the letters above in the prob- 
lem. Then, using the formula for the state from 
one event to another, the statal algebra equation 
for the circuit Is: 


F=C’-W’:-O’: (Lv By F*! 


The circuit is shown in Fig. 10. 


This problem is typical of the kinds of problems 


that arise in programming a complex piece of appa- 
ratus in order that it may carry out a number of 
different modes of behavior. 

Probl m 4. 
key k and depending on two conditions x and y such 
that lamp 7 will light if the key has been pressed 


Design a set of relay circuits with a 
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twice, y has never occurred, and x was or is on at’ up a relay while this condition exists. ‘[. 5 con). 


a time when the key was or is pressed. tion by definition will only last for abou’ ‘he time 
that a relay can pick up. Hence the operat in of the 
circuit will be uncertain. So let us assume a slowe: 
relay for which k*? will apply instead of k*' = &-, Wp 
Now will then substitute Ek =k» Nk**. The circuits arp 

H*(p) = H[p: H(Np- Hp)], B(p shown in Fig. 11. 
NHp, Ep Np Much more could be said about this alvebra 9 


states and events and its application to other sorts 


Solution: 


H?(k) -B(y) -H(Ek-x 


therefore 


r= H[k-H(Nk-Hk)]- NHy-H(k- Nk: x 


J 


of conditions and on-off circuit elements. but prob. 
ably enough has been said to show to some exten: 
We need to discuss Ek = k - Nk*'. We desire to pick its usefulness, its power, and its applications 


x ae oe 


The discovery of transcendentals, the establishment of the fact that they are far 
richer in extent and variety than the irrationals of algebra, that they comprise some 
of the most fundamental magnitudes of modern mathematics—all this showed defi- 
nitely that the powerful machinery of algebra had failed just where the elementary 
tools of rational arithmetic had failed two thousand years earlier. Both failures were 
due to the same source: algebra, like rational arithmetic, dealt with finite proce SSeS only. 

Now as then, infinity was the rock which wrecked the hope to establish number on 
a firmer foundation. But to legalize infinite processes, to admit these weird irrational 
creatures on terms of equality with rational numbers, was just as abhorrent to the 
rigorists of the nineteenth century as it had been to those of classical Greece. 

Loud among these rose the voice of Leopold Kronecker, the father of modern in- 
tuitionism. He rightly traced the trouble to the introduction of irrationals and proposed 
that they be banished from mathematics. Proclaiming the absolute nature of the 
integers, he maintained that the natural domain, and the rational domain immediately 
reducible to it, were the only solid foundation on which mathematics could rest. 

“God made the integer, the rest is the work of man,” is the famous phrase by which 
he will be best known to posterity. This phrase reminds me of the story of the pious 
old dame who was heading a committee for the erection of a new church. The archi- 
tect who submitted the plans found that the old lady took the business very seriously 
Most vehement was her protest against the stained glass for which his specifications 
called. Finally in despair he asked her on what ground she objected to stained glass. 
“T want my glass the way the Lord made it!” was her emphatic reply.—Tobias Dantzig, 
Number: The Language of Science (Macmillan, New York, ed. 4, 1954), p. 118. 
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The author, a graduate of San Diego State College, has participated in several 
oceanographic expeditions in the Pacific and Atlantic Oceans. He has done 
graduate work at the University of California and Scripps Institution of 
oceanography, where he was employed as research assistant in physical oceanog- 
raphy for eight years. While under Fullbright Grant, Mr. LaFond taught ocean- 
ography at the Andhra University, Waltair, India, in 1952-53. For the past eight 


j sroups 


years, he has headed the Oceanography Branch of the U.S. Nav) 


HE temperature of the sea is not uniform, 
but varies in space as well as time. ‘The re- 
sulting changes of temperature with depth 


are known as vertical temperature gradients. Major 


gradients are most common in the upper layers 
where external environmental infl ences predomi- 
nate. Temperature gradients in the sea are impor- 
tant in explaining many physical, chemical, and 
other ecological phenomena. 

Since the advent of the bathythermograph about 


fa decade ago, a great deal of information concern- 


ing the detailed structure of the surface layers of 
the Pacific Ocean has been compiled. However, 
few comprehensive studies of the thermal structure 
have been made, owing in part to the complexity 
of the problems involved. This report, based largely 
on the results of empirical studies, points out in a 
umplified version many factors which contribute 
to the production, or elimination, of vertical tem- 
perature gradients in the sea. 

he numerous factors may be divided into two 
energy transfer processes at the sea surface 
and advective transfer processes below the sea sur- 
iose factors concerned with the transfer of 
lation to the sea result, by selective absorp- 
highest temperature nearest the surface, 
lucing “negative” temperature gradients. 
ly, the removal of heat from the sea tends 
ate negative gradients and to produce 
completed while professor of oceanography at 
niversity, Waltair, India, 1952-53. 

ithor is indebted to those who contributed help- 
tions and aided in preparing the figures, and 
idhra University for providing facilities and 

n completing this paper. 


Electron 


Laborator} 


slightly “positive” gradients, with higher tempera- 
tures below the surface. 

The second group of factors producing tempera- 
ture gradients in the sea is concerned with the ex- 
ternal and internal forces which cause movement 
and displacement in the water without a transfer 
of heat to or from the atmosphere. These forces 
produce tide, current, wind, and so forth, which 
transport water from one place to another. If the 
advected water differs in temperature from the ad- 
jacent water in its new environment, a temperature 
gradient, vertical or horizontal, will be produced. 
Certain geographical and density boundaries will 
influence the path of the transported water, and 
thus influence the gradients. 

Each single factor affecting temperature gradi- 


ents in the sea is here considered independently 


However, in nature several invariably operate si- 


multaneously, and in many cases are dependent 


upon one another. No attempt is made to evaluate 
the relative frequency of occurrence or importance 
of each factor. 

The bathythermograms consist of temperature- 
depth curves superimposed on a grid. ‘The vertical 
scale extends from the surface to about 500 feet. 
and the horizontal scale from 30° to 90° F. For the 
purpose of illustration, the bathythermograms are 
combined with the imaginary block of sea water o1 
environment, both of which have the same vertical 
scale. The horizontal scale, however, should be in 
Fig. ] The tempe ra- 


ture scales are comparable for all curves exce pt 


terpreted only as direction 


where more than one curve appears in a figure. In 


these cases the shapes of the curves are relative to 

















TEMPERATURE STRUCTURE 


Fic. 1. 


each other but are not necessarily comparable with 
other temperature scales. 

Minor irregularities which usually occur in situ 
are eliminated and a smoothed representation is 
shown. 


Temperature Gradients Resulting from 
Energy Transfer at Sea Surface 
The most common factor in the production of 
thermal gradients near the surface is simply the 
transfer of heat at the sea surface. The main proc- 
esses of heating the sea surface are the absorption 
convection of 
Q,,; and con- 


‘These 


of radiation from sun and sky, Q, 
sensible heat from the atmosphere, 
densation of water vapor, — Q,. 

produce negative gradients near the surface. On the 
other hand, cooling, or reverse processes, have the 
opposite sign. Back radiation from sea surface, Q», 
convection of sensible heat to the atmosphere, and 
evaporation, reduce negative gradients and some- 


processes 


times produce slightly positive gradients near the 
sea surface. 
A combination of these factors gives: 
Qs — Qn — Qe — Qn=Q1 
where Q, is the heat transferred to the water at the 
surface to produce temperature gradients. 


HIGH RADIATION 


Fic. 2. 


ENVIRONMENT 


é 


TEMPERATURE IN ENVIRONMENT 


Method of illustrating temperature structure in specific environment. 


Radiation. The radiation available to heat } 
sea surface (total radiation minus back radiatio 
depends upon the altitude of the sun, absorptior 
the atmosphere, and cloudiness. Under conditions 
high radiation, that is, during sunlight hours o1 
summer, heat is transferred over a period ol 

from the atmosphere to the water. This heat add: 
to the water is absorbed mainly at the surface, ar 
consequently develops negative temperature gradi- 
ents. The magnitude and depth of gradients are pro- 
portional to the amount of heat added, mixing, ai 


so forth (Fig. 2). 

When the solar radiation reaching the sea surla 
is low, that is, at night or in the winter, negative gra- 
dients are so reduced that slight positive gradients 
are frequently formed. At these times heat has b 
transferred from the water to the atmosphere. 

Radiation may be modified by the amount and 
types of clouds. Heavy cloudiness in the sky red 
the amount of solar radiation reaching the sea, and 
consequently interferes with the development 
temperature gradients. When a light cloud covera 
is present, relatively more heat is transmitted and 
results in stronger negative gradients. Ol cour 
the largest surface gradients are produced by t 
effect when the sky is clear. 


— ee 


LOW RADIATION 


Radiation 
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LOW CLOUDS 
OR LARGE AMOUNT OF CLOUDS 








HIGH CLOUDS 


OR SMALL AMOUNT OF CLOUDS 


Fic. 3. Radiation modifier: clouds. 


rhe cloud factor in the formation of tempera- 
ture gradients is mainly confined to the surface 


laver. However, when long periods of clear or 
cloudy weather persist, the effect will extend, by 
absorption and diffusion, to deeper layers. Clouds 


not only prevent solar radiation from reaching the 
sea, but they also act as a blanket, or “greenhouse” 
fect at night, to reduce cooling of the sea surface. 
Cloud types vary in density and thus in the 
amount of heat they reflect and transmit. Low 
clouds, such as stratocumulus, are denser and pre- 
vent the production of surface temperature gradi- 
nts more than do the same amount of high cirrus 
clouds (Fig, 3 

Convection. The convection of sensible heat to 
nd from the sea surface depends largely upon tem- 
perature difference, sea surface temperature minus 

temperature. This temperature difference be- 
tween the sea and the air produces temperature 
gradients by convection. When the sea is warme) 
than the air, weak positive gradients are formed 








SEA TEMPERATURE GREATER THAN AIR 


OR VAPOR PRESSURE GREATER AT SEA SURFACE 


near the sea surface. These temperature increases 
with depth are usually 0.1° to 0.3° F. When the 
air is warmer than the sea surface, negative temper- 
ature gradients develop at the surface. ‘The magni- 
tude of gradients produced by convection over a 
period of time is proportional to the temperature 
difference between sea and air, other variables being 
constant. However, the total heat transferred to the 
sea is generally small, due to low specific heat of 
the air and the stability of both air and sea which 
develops under these conditions (Fig. 4 
Evaporation. Evaporation or the reverse, con- 
densation, depends on the vapor pressure difference, 
that is, vapor pressure at the sea surface minus 
vapor pressure of the air. When the vapor pressure 
at the sea surface is greater than the vapor pressur 
of the air above, heat will be removed from the sea 
to the atmosphere by the process of evaporation, 
and will result in a slight positive gradient near the 
surface. Conversely, if the vapor pressure above the 
surface is greater than at the sea surface, heat will 





SEA TEMPERATURE LESS THAN AIR 


OR VAPOR PRESSURE LESS AT SEA SURFACE 


Fic. 4. Convection, evaporation, and condensation 








WIND FORCE = 3 


Fic. 5. Wind force. 








ia 


WIND FORCE=0 (HEATED) WIND FORCE = 3 (REMIXED) 


Fic. 6. Wind force variations. 


water column is heated at the surface and is agai 


be added to the water by condensation. ‘This results 
remixed by a weaker wind, steps will be formed 


in negative temperature gradients at the surface 

Fig. 4). Note that it is possible for convection and the temperature depth curve. These successiv 
evaporation to be acting in opposition to each other. mixings and heatings are common in the spri 
and result in a series of negative gradients and is 


thermal layers. When the wind-produced discon- 


Temperature Gradients Resulting from Advective 
9) 


Processes below Sea Surface tinuities are first formed they are sharp (Fig 

When variation in currents causes lateral or ver- 
tical displacement in the sea, the resulting water 
masses are redistributed and temperature gradients 
are affected. ‘These water movements or advective 
factors may be further broken down into wind char- 
acteristics, current types, boundary influences, and 
so forth. 

Wind Force. Surface temperature gradients vary 
inversely with the wind force. When the wind force 
s “O” Beaufort, heating may occur at the surface, 
thus resulting in large negative gradients. As the 
wind force increases, the surface layers will become 
mechanically mixed, thus producing a homogeneous 
layer, which is devoid of temperature eradients to 
the depth of mixing. With increasing wind force 
the mixing will extend deeper (Fig. 5). The depth 
of mixing will also depend on the duration of the 
wind, its fetch, and upon the density gradients in 
the water. With a wind force of “4” to “5” Beaufort 
(12 to 21 miles per hour), the mixing usually ex- 
tends to at least 30 feet. 

Wind Force Variations. When a wind-mixed 
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Relative Currents. Currents relative to some 


depth where motion is assumed to be negligible 





are controlled by the horizontal change in average 
vertical density of the water and Coriolis force. In 
the northern hemisphere the water on the right- 
hand side of the current is lighter, and consequently 
usually has a deeper surface layer than the water 
gee Nae on the left-hand side of the current (Fig. 8). In the 

COLD WATER FLOWING OVER WARM WATER southern hemisphere the lighter water is on the 





left-hand side of relative currents. These are char- 
acteristic of the California and Humbolt currents 
respectively. 

Dis placeme nt Currents. In regions where one 





¥ 


type of water flows over and displaces another type 
eradients will be formed at the boundary between 
; the two waters. Where cold water of low salinity 


is overrides warmer water of higher density, a positive 
WARM WATER FLOWING OVER COLD WATER 





Horizontal displacement currents. 








iS again 
rmed in 
ICCESSIVE 
spring 
and 1so- 
discon- §§ Over a period of time diffusion reduces the sharp- 
Fig. 6 ness of these gradients, and the seasonal thermo- 


line thus developed appears as a continuous 
rradient. 

Turbulence. Temperature gradients may be in- 
fluenced by surface and subsurface turbulent mixing temperature gradient will occur at the boundary 
{the water column. At the surface, as previously The converse occurs when warm water flows over 
mentioned, wind and waves produce an isothermal and displaces colder water (Fig. 9). These types of 
layer. However, below the surface, mixing can also displacement are common along the southern 
take place where currents flow over rough sea bot- boundary of the cold Ovashio Current off the Kuril 


tom (Fig. 7). The magnitude of the turbulent layer Islands and the eastern terminus of the Equatorial 


depends upon speed of current and roughness of Counter Current off Central America. Gradients 
F botton thus produced are usually sharp. 


GULF STREAM 





pn =o s 
oe alleen 





BOUNDAR IES 





WAVE CREST 


INTERNAL WAVES 
Fic. 15. 


Drift Currents. When the wind blows over the 
surface of the sea for long periods, surface water, 
in the northern hemisphere, drifts slightly to the 
right of the direction in which the wind is blowing. 
This results in the piling up of a deeper layer of 
light surface water more or less in the direction 
toward which the water is moving. A more shallow 
surface layer develops in the opposite direction. 
The best example of drift currents is in the equa- 
torial region where the northeast and southeast 
trade winds transport surface water from east to 
west. In this region the transported water forms a 
progressively deeper surface layer in the direction 
of the current (Fig. 10). 

Current Boundaries. When adjacent currents 
of different temperature characteristics flow in op- 
posite directions or at different speeds, the bound- 
ary between the currents will be made up of numer- 
ous eddies. In the boundary layer many irregular 
and complex gradients will be produced. A good 
example is the boundary of the Gulf Stream and 
Slope Current. Here the surface layer is shallow at 


the current boundary and increases in di 
the main currents. The current bounda 
of complicated positive and negative 
(Fig. 11). 
Divergence. When surface water is 
flows away from an area, thus allowing : 
water to ascend to the surface, the proce: 
divergence. It is characterized by a su 
more shallow than adjacent water, and 
ture gradients are usually weaker in thy 
cline (Fig. 12). Divergences are frequen 
between opposite flowing currents, on thei: 
in the northern hemisphere, on their rig! 
southern. The southern boundary of the north eq 
torial current is a region of divergence.! | 
Convergence. When two adjacent water masses 
of surface water flow toward each other or at suc! 
an angle that one or both sink, the process is called 
convergence. In regions of convergence the surfac 
layer will be deeper and the thermocline usually 
sharper (Fig. 13). The northern boundary of tly 
southern equatorial current is characteristic of con- 
vergence.’ A somewhat similar situation occurs at 
the Antarctic Convergence.’ 








OFF SHORE SUMMER NEAR SHORE SUMMER 


Fic. 17. Land boundaries. 


Convection Cells. Convection cells are belie\ 
to be a series of convergences and divergences 0! 
water on a smaller scale. These cells are occasionall\ 
produced by strong winds during a period of su 
face cooling. The axis of the cell will be parallel to 
the direction of the wind. The diameters of the ce! 
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RIVER RUNOFF COLDER THAN SEA 


Fic. 18. 


approximately equal to the depth of the mixed 
laver, but the depth of the mixed layer may vary 
n either side of the cell. The thermocline will be 
deeper when the circulation is downward, more 
shallow where it is upward (Fig. 14). Regions of 
convergence are characterized by surface slicks.*: * 
\ similar long interlocking series of pronounced 
ellular circulations is found in the Bay of Bengal. 
also, the thermal structure below lines of 
convergence deeper surface layers with 
sharper gradients than does the structure beneath 


rhere, 


gives 


lines of divergence. 

Internal 
boundary between density layers. ‘These waves are 
iniversal and vary widely as to height and period. 
[heir amplitude may be as great as several hundred 


Waves. Internal waves occur at the 


leet, and their period from a few seconds to many 
hours, or longer. The change in layer depth caused 
by an internal wave results in a deeper surface 
laver over the trough than over the crest 
Fig, 15 
Tide. Layer depth is influenced by the tide. 
In general, a semilunar “internal tide,” has been 
bserved. The phase of the internal tide varies with 
both time and location. In the majority of cases a 
hallow surface layer, or internal high tide, occurs 
three to five hours after high tide at the surface, 
deeper surface layer or internal low tide oc- 


ree to five hours after low tide at the surface 


! Boundaries. ‘The proximity to shore influ- 


the vertical temperature structure. ‘This is 
to be due to the presence of weaker winds 
the greater absorption of heat near shore. 
ters near shore are more turbid, contain 
icroorganisms, and consequently absorb 
diation. This results in stronger negative 
in summer. The phenomenon is more 
ed in lower latitudes and where discharges 
sea. The reduced winds as well as greater 
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RIVER RUNOFF WARMER THAN SEA 


River runoff or surface dilution. 


thermal gradients near shore are believed to result 
in less mixing in winter. Consequently, the laye1 
depth near shore is usually less than the layer depth 
farther out at this time (Fig. 17 

River Runoff or Surface Dilution. ‘The 
water discharged into the sea from rivers is almost 


fresh 


always lighter than the sea water and it flows on 
top. If the river water is colder than the sea, a 
positive gradient will result at the boundary; if 
warmer, a negative gradient is produced (Fig. 18 
The depth of the gradient and the area of the sea 
covered are dependent upon the size of river dis- 
charge, amount of mixing in the connecting estuary, 
and alongshore currents. For example, off the 
Ganges River in the fall season a 20 percent dilu- 
tion of sea surface may extend seaward for at least 
500 miles and to a depth of over 150 feet. The di- 
luted surface water may be subjected to heating 
and cooling that cause negative and positive gradi- 
ents in the surface layer and still retain a vertical 
stability. 

U pwelling. 
away from shore by wind drift, deeper water rises to 
take its place. This type of vertical motion of sub- 


surface water toward the surface is known as up- 


When the surface water is carried 


welling (Fig. 19). The phenomenon is similar to 


UPWELLING 


Fic. 19 





basin remain relatively constant. How 
water above sill depth may change wit! 
other currents. A sharp temperature grad 
be formed at the sill depth if the water t 
over the sill has a different temperature { 
of the basin water (Fig. 22). These gradi 
be either positive or negative, depending 
type of water transported across the basin 


Time Cycles of Temperature 
Structure in the Sea 

INSHORE OFFSHORE 

: i In addition to internal waves and tidal 

Fic. 20. Sinking. ences, longer period diurnal and annual cycles 
divergence. However, upwelling usually takes place occur. ‘Temperature structure here is a_periodi 
near a land boundary, and the upwelling water function of time. The factors causing these cyelj 
flows in one direction when it reaches the surface. changes are, however, numerous. Three-hour peri- 
In regions of upwelling, such as off the coast of | ods are used for the diurnal temperature cycle dia- 
Southern California, the thermocline will be nearer 
the surface. Because the upwelled water comes from 
lower depths, it will almost always be colder, with 
gradients weaker than in adjacent regions where 








no upwelling occurs. 
Sinking. ‘The opposite of upwelling is called 


sinking. ‘This phenomenon occurs when the wind 


blows in such a direction as to cause the surface 
water to be transported toward a coast. In this case co Cusnbey nouaien Ste Wi 
the deeper surface layer is built up nearer the coast 
and immediately off shore (Fig. 20).° A sinking 
region is characterized by deep and usually sharp 





thermoclines. Such a temperature structure is typi- 
cal of the east coast of India during the northeast 





monsoon. 
Islands. Variations in the temperature gradients 
occur in the vicinity of islands. This land boundary 
will act as a barrier, thus resulting in the “piling 
up” of surface water on the windward side and the WARM CURRENT FLOWING OVER COLD BASINS 
“removal” of surface water on the leeward side a. 
Fig. 21). On the northeast, or windward side, of 
the Hawaiian Islands, for example, the layer depth gram. As diurnal heating and cooling are primar! 
has been found to be deeper than that on the oppo- confined to the upper 30 feet, enlargements otf this 
site side.’ area are shown. The general case illustrated 1s 01 
Basins. Sea water temperatures in a subsurface — in which no residual heat is added to or substractt 
from the water after the 24-hour diurnal cycle. | 
periods chosen for a annual cycle are three-mont 
intervals, corresponding to tne seasons. For 
ample, winter is taken as early February, sprin 
early May, summer as early August, and 
early November. The extreme maximum an 
mum values of temperature in winter and s 
respectively, occur a little later in high la 
than in the low. 
Diurnal Changes. ‘The characteristics o 
ee ee ta nal heating near the surface depend up 
semeetite diurnal changes in the factors that lead to tl 
Fic. 21. ing of the water. The most pronounced 
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Fic. . Diurnal changes 


curs at mid-latitudes during the summer. 
water is frequently isothermal near the 
t OOOO (midnight) and becomes slightly 
0600 in the morning. By 0900 heating 
returned the water to an isothermal con- 
noon negative gradients appear at the 
nd by 1500 the surface heating reaches a 
After this time the surface starts to cool, 
ting in an isothermal layer over a weak 
rradient. The subsurface temperature 
is reached a few hours after the surface 
Cooling continues until by midnight 
ayer is again isothermal (Fig. 25). Vari- 


ations of this cycle depend upon location, season, 
and local meteorological conditions. During windy 
weather, of course. the surface laver becomes mixed 
and such a cycle cannot occur. 

Low-Latitude Seasonal Change: Chroughout 
the vear, in the low latitudes, trade winds maintain 


a deep surface layer of high-temperature water over 


a permanent thermocline. Although solar radiation 


is high. the heated water is carried away by currents 
as fast as it becomes warm. On the equator in mid- 
Pacific the sun radiation undergoes a semiannual 
cycle, with the greatest intensity in the spring and 


fall. This and probably current variations produce 





SUMMER 


Low-latitude seasonal changes. 


Fic. 25. Mid-latitude seasonal changes. 


a deeper layer of warm water shortly after the sun 
passes through the vernal and autimnal equinox 
Fig. 24).° 

Mid-Latitude Seasonal Chanves. The combina- 
tion of factors controlling the vertical temperature 
structure in mid-latitude, around 30° N, causes the 
upper 500 feet of water to become isothermal in 
winter. By spring small steps develop at varying 
depths during this period of heating and mixing. 
However, the deeper water is actually colder in 


spring, owing to an apparent advection of colder 


water from below. In summer, large negative gradi- 


— 


High-latitude seasonal changes. 


ents occurring at the surface are caused by 


heating, diffusion and milder winds. Cooli: 
increased winds in fall produce the charact 
mixed layer over a sharp thermocline ( Fig 

High-Latitude Seasonal Changes. In 


latitudes, just north of the Aleutian Isla: 


temperature structure during winter 


1S 


) 


thy 


as 


isothermal to a depth greater than 400 feet. S! 
higher temperatures around 500 feet are attril 


to subsurface advection and are believed c!| 


istic of this region. By spring the temperat 


curve begins to show steps, indicative of 


FALL 


Arctic seasonal changes 
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mixing of the water. By summer these 
e more numerous and, by diffusion, 
he seasonal thermocline. Owing to fre- 

in this region, the immediate surface 

remains isothermal even though heat 
led to the water. In the fall the isother- 
becomes deeper. This is caused by in- 
Piste 26) 2° 

wonal Changes. In the Arctic, north 
ing Strait, the surface is covered by ice 


sing and cooling 


(he cooled surface water creates vertical 
currents which produce isothermal 
By spring the ice becomes thicker and 

remains virtually isothermal, although 

oradients are caused by subsurface advection. 
summer the surface layer is heated. In addi- 
ier water is advected into the region from 
at a subsurface level, thus creating a sub- 
emperature maximum in this region."? By 


surface again freezes and the cooling and 


mixing processes create an isothermal laver over a 


Fig. 27 
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The Dakota Heyoka Cult 


JAMES H. HOWARD 


The author received his B.A and M.A. in anthropology at the 


Nebraska, and is presently 


working toward a Ph.D. in anthrop 


University of Michigan. In 1951-52, he directed archeological wor! 
A-Fishhook village site (Old Fort Berthold) in the Garrison R¢ 


North 


NE of the most interesting tribal institutions 
of the Dakota is the cult known as the 
heyoka or heyoka wozé. The heyoka cult is 

made up of individuals who, because they have 
seen the thunder god in a vision, are obliged to as- 
sume the role of antinatural clowns. They must, on 


certain occasions, wear long-nosed masks and rag- 
ged clothing and do all things in exactly the oppo- 
site of the normal manner. The heydka believe that 
if they do not perform this humiliating ritual they 


will be struck by lightning. 

The heyoka cult is apparently quite old, and may 
well be the oldest of surviving Dakota ceremonial 
practices. It is found, in almost exactly the same 
form, among all bands of the Dakota. Very similar 
groups occur among the Assiniboin,* the Plains- 
Ojibwa, and the Plains-Cree, neighbors of the 
Dakota to the north.! These last three tribes share 
many features of the Dakota cult, such as the use 
of masks and ragged clothing, connection with the 
thunder being, contrary behavior, and backward 
speech. They lack, however, the trick of taking a 
piece of meat from a kettle of boiling water with the 
bare hand, which is a characteristic performance 
of the Dakota cult. The Ponca, neighbors of the 
Dakota to the south, once had a heydka cult, which 
they called by that name, but it is now obsolete.? As 
this tribe also had another group of antinatural 
clowns called thanigratha it seems likely that the 
heyoka cult of the Ponca was a later adoption from 
the ‘Teton Dakota.* Masking, contrary behavior, 

* The Assiniboin cult is, I believe, of Plains-Ojibwa or 
Plains-Cree origin. Lowie gives the Assiniboin name of the 
cult as Wi"tgo’gax watci’bi.' The latter part of the name 
is Assiniboin and means simply “dance’’; Lowie derives 
the first part, Wi"tgo’gax, from a Siouan stem meaning 
“crazy.” The similarity of this word to the Plains-Cree 
Wihtikokan and the Plains-Ojibwa Windigokdn seems 
too close, however, to be accounted for by coincidence. 
Other features of the Assiniboin cult, as described by 
Lowie, likewise indicate a closer connection with the 
Plains-Ojibwa and Plains-Cree groups than with the 
Dakota. 


254 


Dakota. and has 


done ethnographic work among the P 


and Plains-Ojibwa tribes. 


backward speech, and the boiling wate: 
also connected with the Ponca heydka cult 
natural clowns, of a generally similar type, are py 
ent in many Plains tribes, but lack such speci 
features of the heyoka cult as masking, conn 
with the thunder being, and the boiling water t 

The Dakota cult is called heydka after an 
tribal deity of the same name. Neill deseri 
strange god as appearing in four different guises 

The first appears like a tall and slender 1 
two faces, like the Janus of ancient mythol 
like, he holds a bow in his hand streaked with red 
ning, also a rattle of deer claws. The second is 
old man with a cocked hat and enormous ears 
a yellow bow. The third a man with a flut 
from his neck. The fourth is invisible and n 
and is the gentle zephyr which moves th« 
causes the ripple of the water.® 


Four manifestations of the god Heyoka ar 
mentioned by Gideon H. Pond, although he | 
not describe them.‘ 

As stated earlier, an individual becomes a /i 
by reason of having dreamed of the thunder b 
One of the best descriptions of the Dakota cot 
of this awesome deity is given by Walke: 
writes: 

Wakinyan is a material god whose substan 
only when He so wills. His properties are akan and 
natural. He abides in His lodge on the top of t 
tain at the edge of the world vhere the Sun 
to the regions under the world. He is man 
are as only one; He is shapeless, but has w 
four joints each; He has no feet, yet He 
talons; He has no head, yet has a huge beak 
of teeth in it, like the teeth of a wolf; His \ 
thunder clap and rolling clouds; He has an « 
glance is lightning. In a great cedar tree 
lodge He has His nest made of dry bones, a1 
an enormous egg from which His young ¢ 
issue. He devours His young and they each b« 
of His many selves. He had issue by the Rock 


Iktomi, the oldest son of the Rock. He fli 
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ain of the Sky, hidden in a robe of clouds, 
of mankind sees His substance he is thereby 
yoka, and must ever afterwards speak and 
shly in an anti-natural manner. Yet, if He 
fe may appear to mankind in the form of a 
and if so, He is then the God, Heyoka. One 
upon the God, Heyoka, is not thereby made 
The potency of the Winged God cannot be 
| to anything. His functions are to cleanse the 
vorld from filth and to fight the Monsters who defile 
and to cause all increase by growth from 
ind. 

[he acceptable manner of addressing Him is by taunt 
ad vilification, the opposite of the intent of the address. 
He may be visualized as a bird whose wings have fou 

nts. His symbol is a zigzag red line forked at each 

His akicita |messengers or police, JHH) are the 
x. swallow, snowbird, night hawk, lizard, frog, and 
lragon fly, and if either of these is seen in a vision the 
ne to whom it appears is thereby made a heyoka.° 


[The heyoka cult itself has been described by a 
number of writers. Mrs. Eastman writes of it as the 
dance to the giant”; this name probably alludes to 

giant stature attributed to the god. She uses a 
escription of an eastern Dakota performance of 

ecult ritual as a dramatic feature in a sentimental 
ove story. Mrs. Eastman describes the dancers as 
wearing bark hats, huge bark earrings, and skin leg- 
sings. The familiar boiling water trick, in which 
performers dip into a boiling pot to retrieve a bison 
tongue and splash scalding water on each other’s 
backs, is mentioned.® 

Lynd, an early missionary to the Eastern Dakota, 
so writes of the cult.” He describes the dancers as 
being nearly naked but wearing tall conical bark 
iats and mentions the boiling water act. Lynd’s co- 
vorker and friend, Samuel Pond, likewise mentions 

yoka and their blister defying antics.’ Riggs 
also gives a brief description of what he calls the 
Ha-yo-ka.”® He writes that the skin of the per- 
former's hands was deadened with “sheep sorrel” 
delore being thrust into the hot liquid. 

J. Owen Dorsey is the first modern ethnographer 
to describe the cult, although he apparently neve1 

a performance as he gives few details.° He 
ntion, however, that women, as well as 
casionally became heydka. Two of the finest 

accounts of the cult in the literature are Wissler’s 
account for the Teton’! and Lowie’s for the East- 
ota.’* Densmore also describes the Teton 
includes accounts of two dreams and the 

ions of seven heydka songs.’* The most 

idy of the heydka is by Wilson D. Wallis, 

me so fascinated with the cult as found 

e Canadian Dakota that he devotes over 
ionograph on this group to the clowns." 


During the years 1950-53, I secured additional 
information regarding the cult from members of 
the Yankton, Yanktonai, and Teton bands of the 
Dakota tribe. The most valuable single source of 
information was a collection of notes made avail- 
able by Mrs. Frank Fiske, of Fort Yates, North 
Dakota. This included an account of the heydka 
ceremony as performed by the Upper Yanktonat 
and Teton Dakota approximately 75 years ago, 
together with the transcription of a Dakota heydka 
song.* Utilizing this as a framework, a description 
of the complete heydka rite, no longer performed, 
was worked out. Amplifications and additions to 
the Fiske data were supplied by several Dakota 
informants, chief among whom were John Saul, 
Fort Thompson, South Dakota; Francis Zahn, Fort 
Yates. North Dakota; and Raymond Buckley, Fort 
Yates. Buckley himself is a member of the cult. 

The heyoka ceremony is initiated by a man who 
has been instructed to perform it in a dream o1 
vision by the thunder god. The penalty for not 
doing so is to be struck by lightning. The dreamer 
prepares a feast at which he gathers about him 
several other men to assist in the performance 
Preferably these men should also be heydoka, but is 
not absolutely necessary. If these assistants do not 
have masks and other regalia of their own, the 
leader provides them. The day for the ceremony 
is set, and a meeting place decided upon. 

On the appointed day, usually during the per- 
formance of the sun dance or some other village 
festivity, the leader and his assistants retire to the 
prearranged meeting place and don their costumes. 
Mrs. Fiske’s 


heyoka as follows: “They knot their hair over the 


notes describe the costume of the 
forehead. Then they paint the entire body, includ- 
ing the face and hair, with mdkasan, or red earth 
paint. They paint black streaks zig-zag from the 


corner of the mouth down the neck and arms. This 


represents lightning.” This costume is undoubtedly 


that even the 


essential 


a very old stvle. It will be noted 


masks, considered an almost feature in 
later times, are missing. 

Costumes of a later period generally consisted 
of a loose shirt and leggings of burlap, very ill-fit- 
ting, and a mask made of a dried bison paunch, 
with horsehair sewed at the top in imitation of 
hair. At cloth 


noses. are used instead. Sometimes huge earrings 


masks, with long 


human present 


made from tin can tops are attached to the sides 


* It is particularly diff ult to secure heydka songs since 
the members of the cult believe that to sing the 
any other time than during the ceremony is to 
disaster. Mrs. Fiske was only able to secure the song by 
memorizing it and later transcribing it privately 


songs at 
invite 





of the mask. Common props of the heydka dancer 
are a crooked bow and arrows, a dummy rifle, a 
sprig of sage, or a hoop. Less common are rattles 
of deer hooves and eagle bone whistles. 

The leader and others who are to perform the 
boiling water act rub their hands, arms, backs, and 
any other part of the body which will come into 
contact with the boiling water with the juice of 
one or the other of two plants. The first is icah pe hu 
or whip root. Gilmore identifies this as Echinacea 
augustifolia D.C. or the narrow leaved purple cone 
flower.’° Mrs. Fiske’s notes state that the plant is 
chewed and applied, and that the root is also used 
for snake bite. The second plant is called heyoka 
ta pezita, literally “heydka his grass-root.’’ Gilmore 
identifies this as Malvastrum coccineum (Pursh. 
A. Gray, or Red False Mallow.'® Both medicines 
form a mucilaginous coating on the skin which 
protects it from the scalding water. 

When all of the dancers are ready the group 
marches in single file from their meeting place in 
the woods to the center of the camp circle. A fire 
is built and a large kettle of water is hung over it 
to boil. The leader then secures a bison tongue, 
which he holds over the water. Three times he 
feints with the tongue, as if to drop it into the 
water. The fourth time, with a weird cry, he drops 
it in. 

The dancers now march to a point slightly north 
of the pot. Here they form a line and, raising their 


arms to the sky, sing the following sone: 


HEYOKA SONG 


, 4 ‘ e 
Wa-ki"-ya" wa-mi-cu"-za-a-pe O-ya-te O-ka-wi"h-ya 

















: n 
wa-a-U-u we Ta-mu-ka-sni ko" wa-ka™-ya wa-u we- 
A free translation of the text is: 

Thunder instructed me to do so; therefore I come 
and circle the nation; I dreaded to do this but (never- 


theless) in a sacred way I come. 


The heyoka repeat this performance at the west, 
south, and east of the fire, exactly the opposite of 
the usual Dakota “sunwise” progression. After pray- 
ing in each of the four directions they begin to 
dance about the kettle of water which is now boil- 
ing vigorously. They move in a counterclockwise 
direction, employing bizarre motions and _ postures 
and splashing boiling water from the kettle on each 
other’s backs. Finally the leader dances up to the 


pile 


pot and reaches in with his bare arm to ret) 
tongue. While his arm is in the water he shir 
complains of how cold the water is. The 
is divided among the clowns who eat it. 
loud and uncouth noises while doing so. A{ 
feast the clowns dance off into the woods to 
their costumes, thus ending the ceremony 


Present Status of the Cult 


At the present time the heydka cult is still prese 
on most Dakota reservations but the full ceremo, 
as described above, is rarely performed. The cloy 
now commonly appear in the grass dance, w! 
is the focal point for what is left of aborioi: 
Dakota culture. On some reservations the cult 
degenerated to the point where anyone ma\ 
the part of a heyoka. 

At Little Eagle, South Dakota, in 1947, | 
author witnessed a pair of heyoka who merely act 
as buffoons in a grass dance. Their main conc 
seemed to be scaring small children and aping 
other dancers. In addition to the usual lone nos 
masks and ragged clothing of the heydka eac! 
these clowns had a cardboard sign on his back 
of which read “Batman” and the other “Robin.” 

The same year, however, at a grass dance | 
near Cannonball, North Dakota, on the sam 
vation, two heydka were observed who seeme 
be more in the traditional spirit. They danced s 
by side, raising bunches of sage aloft in prayer-! 
attitudes at each of the four cardinal points 

The heydka cult on the Standing Roc! 
vation, embracing both of the above ment 
communities, still numbers six or seven mem! 
All these persons have had visions of the th 
god instructing them to dance as clowns. T! 
is also one elderly woman who sometimes takes ' 
part of a clown and is thought by the other / 
to have had a thunder vision. Three of the m« 
of the cult in this area are conceded to b 
normal in intelligence. The others, howeve1 


mi 


to be of at least average mentality and on 
cially, seems quite intelligent and is more or | 
community leader. 

Each of these persons appears as a heyo/ 
at least once a year, usually at one of the big 
side” pow-wows held in the summer. Son 
two or three clowns appear at one dance, so! 
only one. The acknowledged “chief” of th: 
this reservation is one of the older ment 
ficient individuals. He customarily wears a 
of half white and half blue cloth. Wheth« 
indicative of his rank as chief of the heyo 
known. All the others wear the usual co 
white cloth masks with long noses and s! 
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brown burlap. Some have large earrings 
tops attached to the sides of their masks. 
ot appearing as heyoka dancers all but 
individuals in the cult lead normal lives. 
‘tion, one of the subnormal individuals, 
takes his role of heydka more seriously. 
r he may be seen wearing a heavy over- 
ber overshoes, and a fur cap and mittens. 
according to reports, he often wears a 
—_— sandals, and a ““T” shirt, and will go forth 
‘remon i. coat in snowstorms. 
e clowns ‘woman in this area who is thought to be a 
whi inced as a clown at the Fort Yates pow- 
original 952. She dressed in high heels and a short 
dress and mocked the behavior of white women. 
Ordinarily she wears the moccasins and shaw] char- 
acteristic of the older Indian women on the reser- 
vation 
\ typical heydka vision was recounted by Ray- 
nd -Buckley, of Fort Yates, North Dakota, a 
mber of the cult, who stated: 


When 
1a fever and was out of my head a lot of the time. 


| was about ten years old I got real sick. I 


My body hurt all over. One evening about sundown I 
ver west. A big thunderhead was rolling up 
ooked in the middle of it and there was Thun- 
had a would bolts 
‘very now and then. He came right down to 


bow and shoot lightning 

from the thunderhead and said “Don’t worry. 

going to make you well again.” He told me that 

| grew up I would have to dance clown. After 

tt better. I didn’t dance clown right away. When 

rown up, about age 21, I danced for the first 

| made myself a mask and a costume of gunny 

nd took part. If I hadn't done this, sooner or 

t | would have been hit by lightning. I dance heyéka 
t once a year, at the pow-wow here in Yates. 


connection with curing in this account is 


essential element. Curing apparently plays a 
h more important part in the Plains-Ojibwa, 
Cree, and Assiniboin cults. 


Summary and Conclusions 


Dakota heyoka cult is a specialized northern 
ment of the widespread “contrary” cults of 
ns. Its closest affinities seem to be with the 
yka cult, which was probably a derivative, 
clown cults of the Plains-Ojibwa, Plains- 
| Assiniboin. Characteristic features of the 
ilt are masking, contrary behavior, con- 
vith the thunder being, backward speech, 
trick of extracting meat from a boiling 
It shares all 
ires with the now obsolete Ponca heyoka 


water with the bare hand. 
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Dakota heyoka dancers Photograph by 


Fort Yates, North Dakota 


the last with the Plains-Oyibwa, 


and Assiniboin clown cults. 


cult, and all but 
Plains-Cree. 

The late Clark Wissler was inclined to connect 
the heyoka cult with the old form of the Pawnee 
Truska, and with the “hot dance” of certain North- 
ern Plains tribes, all early forms of the modern grass 
dance.'* The evidence for this appears to be rather 
thin. Wissler seems to have based much of his opin- 
ion on the faulty phonetic transcriptions of Alan- 
son B. Skinner.'® Skinner the 
hethushka, which is the Ponca name for the Pawnee 


Truska on Wissler 


this latter rendition very close to the Dakota heyoka, 


transcribed word 


erass dance, as /helocka. found 


and wrote “the similarity to the Pawnee term is 
obvious.””'” Actually Skinner had mistaken the “th” 
sound in Thégiha (the Omaha and Ponca lan- 
euage) for an “lZ’ and was using the ‘‘c” for “sh” 
a common device in phonetic transcription 

The boiling water trick. which occurred in the 
old Pawnee Jruska and also in the “hot dance” of 
the Northern better 


for demonstrating the postulated connection It 


Plains, is admittedly a point 





should be pointed out, however, that the association 
of the boiling water trick with the grass dance has 
a very limited distribution. On the other hand, the 
boiling water trick itself is quite widespread in 
North America, and is found in many contexts. It 
occurs in almost every Plains tribe, and far into the 
Woodland region. Among the Ojibwa and Plains- 
Ojibwa it was frequently associated with the 
wabano ceremony. 

At the present time the Dakota heydka cult, 
although it has degenerated into a mere farce in 
many areas, is still somewhat sacred in the more 
conservative reservation communities. Even where 
it no longer has a sacred significance it still seems 
to be definitely connected with the “Indian” as op- 
posed to the “White man” way. Perhaps the ability 
to play the clown in this manner gives certain 
maladjusted individuals the opportunity to “shine” 
and mock their tormentors, both Indian and white. 
The account of the elderly woman imitating the 
dress and behavior of white women certainly sug- 
gests that “dancing clown” provides an outlet for 
certain frustrations resulting from minority status. 

In conclusion the remarks of Walker, quoted by 
Wissler,*° concerning the role of the heyoka in a 
Dakota community, seem worth repeating: 


To be a heyoka woze (woze, to dip out, referring to 


the boiling water trick) is a misfortune dreaded by all, 
for such a one is held in light esteem by the people 
and expected to act the clown at all times. Yet a witty 
the 


heyoka woze may exercise his wit so as to gain 


20, - Ibid. 85 


esteem and confidence of the people and bec: 
man among them. 
References 


1. Lowig, R. H. The Assiniboin, Pt. 1, Anth 
Mus. Nat. Hist. 4, 62 (1910). 
2. SKINNER, 
789 (1916). 
3. Netti, E. D. Dakota Land and Dakota 
Minn. Hist. Soc. 2, 205 (1872, Reprint of 19 
4. Ponp, G. H. Dakota Superstitions, Coll. Minn 
Soc. 2, 233 (1860-67, Reprint of 1889). 
5. WALKER, J. R. Pt. 2, Anth. Pap. Am. Mu 
16, 83-84 (1917). 
6. EastmMAN, M. Dahcotah, or, Life and Legend; 
Sioux, New York, 1849. 
7. Lynp, J. W. The Religion of the Dakotas, ( 
Hist. Soc. 1, 158 (1860-67, Reprint of 1889 


A. B. In C. Wissler, Ed., Pt. 8, Jbid 1) 


Hist 


Minr 


8. Ponp, S. W. The Dakotas or Sioux in Minnesotg 
They Were in 1834, Coll. Minn. Hist. Soc. 12, 


(1908). 

9. Riccs, S. R. TAH-KOO WAH-KAN or The ( 
Among the Dakotas, 96, Boston (1869). 

10. Dorsey, J. 
Rept. Bur. Am. Ethnol., 468-471 (1894). 

11. Wissuer, C. Pt. 1, Anth. Pap. Am. Mus. Nat 
11, 82-85 (1912). 

12. Lowe, R. H., C. Wissler 
dy (1913). 

13. DeENsmorE, F. Teton Sioux Music, Bull. 61, Bur 
Ethnol. 157-172 (1918). 

14. Waits, W. D., Pt. 1, Anth. Pap. Am. Mu 
Hist. 41, 111--223 (1947). 

15. GitmoreE, M. R., Uses of Plants by the Indians 


Ed. 


O. A Study of Siouan Cults, //th Ar 


Pt. 2, fo%d. 11, 1 


Missouri River Region, Reprinted from 33rd Ann. Ret 


(1919 


Bur. Am. Ethnol. 31 ; 
(1919). 


16. . Ibid. 103 
17. WIssLeEr, C., Pt. 
Vol. 11, 858-862 
18. SKINNER, A. B. 
19. Wisster, C. Pt. 
11, 859 (1916 


(1916). 


In C. Wissler (Ed.), Op 


(1912 


THE SCIENTIFIC M¢ 


12, Anth. Pap. Am. Mus. Nat. | 


1, Anth. Pap. Am. Mus. Nat. | 


PHL 














HMISYNIDOM — mNDJOL 




















BOOK REVIEWS 


{chievement. Harvey C. Lehman. Princeton, 
Princeton Univ. Press, 1953. xi+ 359 pp. Illus. 


F you haven’t cut your name on the door of fame by 


Ip you! 


time you've reached 40, you might just as well 
jackknife.”” This comment, 
Wendell Holmes, Jr., summarizes the essential 
of this book. If you are a forty-year-old scientist 
»not yet achieved eminence you still have time 


ascribed to 


mm to composing musical comedy, or become a col- 


With 


eT 


resident or a public servant. You have until eighty 


Receiver of an Annual Income of $1,000,000,” 


too late to compose outstanding religious 


the exception of chapters 15 and 20, all chapters 
rints or modifications of separate articles appear- 


nce 1936. The book is divided into five major sec- 


\ge and Achievement; Quality versus Quantity; 
e of the Creative Years; Past, Present, and 
\chievement; General Conclusions. 
isic data are presented in 170 different figures 
summary tables showing greater statistical de- 
‘31 figures and tables in 331 pages of textual 
ition illustrate the mass of data from which the 
ns are drawn. “I have attempted to do just one 
mely, to set forth the relationship between chro- 
age and outstanding performances” (p. vii 
‘k will provide only limited reference material 
der variety of important problems in geriatrics. 
if personality dynamics in aging extend well 
the purpose of the research program reported 
made by the 


remain as contributions to be 


you are interested in anything other than the 


of the relation between age and outstanding 
nt, look elsewhere. Professor Lehman recog- 
limitations of his data and does not try to “ex 

findings. From time to time, he points out 
riables essential to accurate interpretation, for 
he different criteria used to measure quality 
ity of output in the several specialized fields of 
nd allowance for the unequal number of 
For the 
ok presents results with a minimum account 
hods and procedures used. An independent 


in- 


live at successive age levels. most 


ht not be able to replicate the operations on 
resent findings are based. 

he seventeen different science areas sampled, 
highly superior production was reached be- 


fore the age of forty. In chemistry, before the of 


thirty. Because of the gradual decline in productivity (as 
the statistical peak of maxi- 


age 


opposed to its rapid rise 
mum output is not always a stable point. For example, 
even a five percent shift in productivity toward the older 
age period in chemistry would make a significant shift 
in the form of the graph. The high point of top quality 
productivity for the following science areas was between 
the ages of thirty and thirty four: mathematics, physics, 
electronics, practical inventions, botany, and the classical 
descriptions of disease. The ten-year span from ages 
Sur- 
gical technics, genetics, entomology, and psychology. The 


following specialties fall in the narrower band of five 


thirty to thirty-nine includes the peak period for: 


vears, ages thirty-five to thirty-nine: geology, astronomy, 
bacteriology, physiology, pathology, and medical dis- 
coveries. Philosophers produced important works be- 
tween the ages of twenty-two and eighty, although the 
most important books occurred at the ages of thirty-five 
to thirty-nine. Production in the arts and letters shows 
essentially the same picture, with the best work coming 
at the early ages. 

In the final chapter three summary generalizations 
are made: “Within any given field of creative endeavor 

|) the maximum production rate for output of highest 
quality usually occurs at an earlier age than the maxi 
mum rate for less distinguished works by the same in 
dividuals; (2) the rate of good production usually does 
not change much in the middle years and the decline 
when it comes, is gradual at all the older ages 


}) production of highest quality tends to fall off not 


only at an earlier age but also at a more rapid rate than 
does output of lesser merit ” (p. 326 
Only the 


as a general rule the men born between 177 


records of deceased scientists were used, but 
1850 
did 


and 


y and 


produced their best work at a age than 


of 


seniority 


younge! 


generations outstanding scientists 
the 


a stronger hold in military, political, 


preceding 


artists, However, principle seems to be 


taking and re 
ligious spheres since the leaders in these fields are older 
now than in the earlier era. 
Throughout the book the author 
sampling troubles. It would be difficult to establish a 


ot 


has criterion and 


common yardstick to select an equal proportion 
eminent men in diverse areas of human endeavor. Typi 
cal of the criteria employed were T. P. Hilditch’s A 
History Cajori’s A History of 
Mathematics, Magie’s A Book in Phy 


Concise of Chemistry, 


Source and 
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A Source Book in Astronomy. 


Lehman supplemented this type of reference with ad- 


Shapley and Howarth’s 


ditional evidence suggested by specialists in the respec- 
tive science or arts fields. He avoids the error of making 
decimal point interpretations from data significant to 
only the first digit. 

The pages proceed in an informal conversational style, 
with sufficient introjection of interpretive “asides” to 
remind us that the author recognizes the challenge of 
explanation and the inherent boredom of masses of 


As a 


science its value rests with the importance of the central 


homogeneous figures and _ tables. contribution to 
in science, art, music, literature, and philosophy 
as judged 
reached a peak in the years 


theme: 
the output of historically significant works 
by the author's criteria 
between thirty and forty years of age. 

STANFORD C, ERICKSEN 
Department of Psychology 
Vanderbilt University 


The Making of a Scientist. Anne Rol. New York: Dodd, 
Mead, 1953. ix + 244 pp. $3.75. 


MALL groups of eminent scientists in the fields of 


anthropology, biology, physics, and psychology 
were interviewed and given several psychological tests 
by the author. The purpose of these studies was the 
disc Overy of conditions responsible for vocational choice 
and successful performance in science, and the differ- 
ences between groups in terms of these conditions and 
of some characteristics of personality. The book is almost 
as much an autobiography as it is a report of the studies. 
The design of the studies and the methods of investiga- 
tion are not clearly presented, many of the results are 
given in anecdotal form, and the conclusions are both 
difficult to relate to the data and to differentiate from 
the opinions of the author. The problem, however, is 
one of intrinsic interest to the scientist and of consider- 
able social significance. The reader will find much of 
If this 


book does nothing more than provide a stimulus for 


interest to him and some information of value. 


further research, it will have served a most useful func- 
tion. 

W. J. 3ROGDI N 
Laboratory of Experimental Psychology 
University of Wisconsin 


The Logic of Modern Science. 


ton, Ind.: Principia Press, 1953. xvi 


a R. Kantor. Blooming- 
359 pp. $6.00. 


LTHOUGH J. R. Kantor is generally regarded by 
the psychological fraternity as a behaviorist, he 
makes for himself a somewhat different classification by 
coining the phrase interbehavioral psychologist. Long 
suspicious of anything that smacks in the slightest of 
the mental or the psychic, he believes that even the be- 
haviorists have not extracted themselves completely from 
the dualistic tradition, Only interbehavioral psychology 
is completely naturalistic and objective. 
[he term interbehavioral for Kantor appears to refer 


260 


simply to the contacts of individuals with 
events. He admits that his interbehavioral apy 
seem oversimplified to many readers. But th 
oversimplicity, he feels, exists because he |} 
his system of the many pseudoproblems wh 
science along with traditional philosophical 
In The Logic of Modern Science the author 
torch of all s 
biologists with their concept of “the living,” t] 


for an interbehavioral view 
scientists with their principle of indeterminacy 
scientists with their mentalistic formulation 
humanistic scholars with their rather mystic 
all need to clean house, for all are dualistic i: 
gree. Kantor takes each discipline in turn an 
its history and its turns and twists toward and 
interbehavioral concepts. He attempts to fre 
every form of absolutist and universalistic p! 

This book has sections on the domain of s 
cultural aspects of science, the methods and 
science, the subdomains of science, and scienc« 
lization. Each section has from one to six chapt 
book ends with a bibliography of over thre: 
items. 

The Logic of Modern Science continues wit 
ciples earlier enunciated in Kantor’s texts 
physiological and social psychology, in his An O 
Psychology of Psycl 
His latest book has much to offer thos« 


Grammar, and in his 

Logic. 

are interested in the broader aspects of sciet 
Pau R. Fa: 

De partment of Psychology 

Stanford Uni 


ersity 


4 


Steps in Psychotherapy. John Dollard, Frank A 
and Alice Marsden White. Dael Wolfle, 
York: MacMillan, 1953. ix + 222 So.01 


hh ha pp- 


URING the past few years a number 
psychotherapy have appeared, written 


psychologists, and this book marks a continuat 
trend. Of unusual interest is the supervision 


chiatrist in training by a clinical psychol 


authors of this book apparently feel that psyc! 


of the type described in the book is within the pro 


th 


of the clinical psychologist and the review ot 
must be considered on this basis. 


tote 


In the preface to the book the authors s 
therapeutic techniques are based on theory ad\ 
Dollard and Miller. This theory is a blend o! 
forcement learning theory and psychoanals 
Freud, so to say, providing the power, and 
theory the precision.” The book is addressed t 
the fields of p 
adjustment, abnormal psychology, psychoth: 
cial work, psychiatry, counseling, and guidai 


think it also of some pertinence to that circle 


teachers, and researchers in 


gent adults who keep up with new things in 
of human personality.” 
In the first chapter the authors define psy 


and describe what they mean by brief psyc! 
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that brief psychotherapy deals with the 
roblems of the patient. There is a brief dis- 
e type of patient who will benefit most from 
therapy. Of particular value in the teaching 
erapy is the description of the relationship 
therapist and the patient which the authors 
lescril the “interactive episode.” The interactive 
sed as a means of dividing psychotherapy 

| units for scientific description.” 
he need for careful supervision of inexperienced 
given proper emphasis. ‘The chapter on 
n psychotherapy is particularly valuable by 
rtue of a discussion of many of the problems faced by 
inexperienced therapist, as well as the types of errors 
t he is likely to make. Attention is called to the fact 
people, patients as well as therapists, have 
facility with the verbiage of psychoanalytic concepts 
adequate understanding of the significance 
menclature. The result is a far too literal inter- 
both the 


ation of such concepts. 


attitude toward understanding 


tat Or 


[he therapy of one patient is very carefully described 
the content of interview, the therapist’s reaction 
iterial which the patient brought to the interview, 

| the supervisor’s analysis both as to the meaning of 

the material and the therapist's response. This is an ex- 

ype of training experience for the learning psy- 

therapist and is the most acceptable method for ade- 
teaching of psychotherapeutic technics. 

Ihe book covers a total of seventeen abstracted inter- 
One interview, the eleventh, is quoted in its en- 

rety from the recording made at the time of the inter- 


\ valuable discussion of the dynamics of the pa- 

s problem is presented in the chapter immediately 

ng the record of the interviews, together with 

e illustrative material excerpted from other patients’ 

rds. [ do not agree completely with the interpreta- 
the dynamic material presented. 

[he author indicates that some projective technics, as, 

lor example, the Rorschach test, are of questionable 

[his may be true, but the value of the Rorschach 

ries with the interpreter and it should always be used 

nection with other tests as well as with the clini- 


cal experience of the therapist. The authors include re- 
ports by two psychologists based on test data, one of 
whom indicated that the test battery was incomplete. 
The authors make another good point in that the psy- 
Bchol interpretations are not completely objective 
i the psychologist making the survey of the test 
procedures is familiar with the history of the patient. 
I hologists feel that the value of their inter- 
pret s enhanced by a knowledge of the patient's 
back nd, On the other hand, as the authors point out 
an tl ok, under such circumstances the interpretation 
pit t results must of necessity lose some of its ob- 
ii 
book which is well worth reading and con- 
ta of value. Attention should be called to the 
f Was apparent at the time the patient was 
7 r therapy that the therapist might not be 
P plete the treatment before other commit- 
4 


ments made it important and necessary for him to dis- 
continue therapy. This is not quite fair to the patient, 
who should be accepted for therapy on completion of 
the required interviews. To establish relationship with 
a new therapist may present serious difficulties. 

Examined in the frame of reference of a teaching 
exercise, Steps in Psychotherapy has material of interest 
and value. 

RAYMOND W. WAGGONER 

The Neuropsychiatric Institute 
Uniwersity Hospital, University of Michigan 


Films in Psychiatry, Psychology and Mental Health. 


Adolf Nichtenhauser, Marie Coleman, and David 
Ruhe. New York: Health Education Council, 1953. 
269 pp. 


HIS unique publication is a result of the need 
the host of 
available in psychiatry, psychology, and mental health 


for reliable evaluation of films now 
The authors have brought together a list of one hun- 
dred and one films released for showing prior to Jan 
uary, 1953. The study was made by the Medical Audio- 
Visual Institute of the Association of American Medical 
from. several 


Colleges and was supported by funds 


foundations. 
The core of the book consists of a series of critical 


| he be rly 


of each review consists of two main parts, namely, a 


reviews of fifty-one films in the three areas. 


precise description of the content prepared in such a 
fashion as to reproduce its character and texture, and 


an excellent appraisal which analyzes the purpose and 


objectives, the accuracy and scientific significance of 


the technical content, and reaches conclusions as to 


what can be learned and how effectively a person can 


learn from the film. Additional information in each 
review includes: audience groups for whom the film 
appears suitable; discussion of materials that accom- 


pany the film, such as study guide or film strip; produc 
tion data, such as running time, and expense involved; 
and sources from which the films may be obtained. 

The usefulness of the book is extended by the sub- 
ject matter index which provides clues to the actual 
content of the films. For example, by consulting this 
index one may find the portrayal of hostility in two 
films other than the Feeling of Hostility. Finally, a 
graphic guide suggests the appropriateness of each of 
the fifty-one films for particular audiences. 

The limitation of the publication is the small num- 
ber of detailed reviews in each of the three fields and 
the too brief annotations of the supplementary list of 
fifty additional films. Although panels of 
which were composed mainly of specialists and teachers 


reviewers 


in psychiatry and psychology viewed the films, limita- 
tion of staff and funds deterred the desirable procedure 
of securing the response of the appropriate audience 
group. 

The book is a major contribution to professional 
and popular teaching in health and medical education. 
It will be of great value to persons in these professions 
other namely, to audio-visual 


as well as to groups, 
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educators for pointing new directions in the evaluation 
of films, and to producers in promoting higher quality 
in new films. 

Epiru M. Linpsay 
School of Public Health 


University of California 


Introduction to Electric Theory. R. G. Fowler. Cam- 
bridge, Mass.: Addison-Wesley, 1953. xii+390 pp. 
Illus. $7.50. 


NTRODUCTION TO ELECTRIC ‘THEORY is directed pri- 

marily toward the needs of college students of 
physics at the junior and senior level. With this aim in 
mind, the author has tailored both his choice of mate- 
rial and the level of its presentation. He has, for in- 
stance, successfully avoided the temptation to squeeze 
a little electronics into an electricity and magnetism 
course, and he has relegated the materials of circuit 
theory (other than a necessary early introduction of 
Kirchhoff’s laws) to the last two chapters of the book. 
His treatment of magnetic media utilizes both the 
easily visualized magnetic pole approach and the ul- 
timately necessary circulating current concepts. 

Throughout the book there is a coordinated and 
successful build-up of the physical principles of electric 
and magnetic forces and energy relations, culminating 
in Chapter 9, “Stress and Energy in [materials in] the 
Electromagnetic Field.” Tensor notation is avoided, but 
numerous special examples with clear vector drawings 
bring out the important physical concepts for static 
electric and magnetic fields. A brief discussion of the 
Poynting vector and energy relations in changing elec- 
tromagnetic fields is included. 

Addison-Wesley’s high standard of textual illustra- 
tions is maintained in this book. Indeed, their excellence 
suggests One minor criticism in the text. Although equa- 
tions in scalar notation are always paralleled by equa- 
tions in vector notation, the vector analysis is not de- 
veloped to the extent desirable in a senior-level course. 

The always troublesome questions of units are dis- 
cussed clearly in the appendix. The possible choices of 
dimensions for €, and u, are mentioned but not stressed. 
The authors ultimate choice is a rationalized mks 
system. 

[he reviewer has had the experience common to 
many of trying to teach from a “treatise” rather than 
a textbook. It would be a pleasure to teach from Dr. 
Fowler’s textbook. 

Wituram V. Smiti 
Department of Physics 
University of Delaware 


]. Robert Oppenheimer and the Atomic Story. J. Alvin 
Kugelmass. New York: Julian Messner, 1953. vii 4 


179 pp. $2.75. 


HE AUTHOR, a newspaperman and journalistic 
writer, presents to the lay and juvenile reader the 


story of the development of atomic ene: 
implications, weaving into it the genius of 
Oppenheimer, or “Oppy” as he is affecti 
ferred to throughout the book. 

Beginning with a dip into the atmosph 
Institute of Advanced Studies at Princeton 
fold duties of the director are contrasted wit 
interests, happy family life, and social act 
early chapters trace the development of Op; 
from his studious but lonely boyhood to t! 
brilliant teaching and research at the U 
California and the California Institute of 1J 
In five pages the history of atomic theory f1 
ritus to Rutherford is traced, in eleven mor 
of atomic energy from Einstein to uranium 
Los Alamos project, the problems of isotop 
and others lead to a dramatic chapter on th 
of the first bomb at Alamogordo. The final c! 
concerned with the social and political pri 
have arisen from the release of atomic en 
sional reference is made to Oppy’s contribut 
this, and the account is sprinkled with anec 
quotations involving Oppy and other sci 
Statesmen. 

One can only wish that this interesting 
been written a little more carefully. The use 
cleuses” for the plural of nucleus makes on 
whether the author knows better or whether 
merely journalistic license. An unusual picture 
atom is conveyed by the sentence, “Now w 


atom there are nuclei, infinitesimal particles, 


total about one million multiplied by one 
And to say that a radiation meter “discharg: 


rays just as does a lightning conductor attached 


house” calls for further explanation. Only a 


explanation of atomic processes and of Opp' 


oretical contributions is attempted. 
| 


To one who has followed the newspaper head 


there is little new on the atomic story to be f 
this book. However, if it reaches some member 
population who will not read more technical 
the subject, it will serve a useful purpose 

W, Pau! 
Department of Physics 
Lawrence College 
Appleton, Wisconsin 


Puritan Sage: Collected Writings oj Jonatha 
Vergilius Ferm, Ed. New York: Library | 
1953. xxvii + 640 pp. $7.50. 


HIS volume of collected writings has 
as a tribute to Jonathan Edwards in con 
tion of his birth two hundred and fifty years a 
That he deserves this tribute is unquestion: 
ranks among the leading minds produced by 
try. 
Edwards lived in a period of transition 
ideas of the Enlightenment were slowly makin 
in the New World. The emphasis on scienti! 
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ynalism, two essentials in this development, 
| in the close observation, the precision, and 
analysis of Edwards’ mind. From his essay 
)f Insects,” written at the 
notes on “The Mind” and on “Natural 
these characteristics are appazent. But Ed- 


age of eleven, 


| primarily as a theologian and, more pre- 
rictly Calvinistic one. And there is a certain 
his use of the tools of the Enlightenment to 
4 new fortress for the “‘conservative” Calvinistic 
logy which emphasized the omnipotence of God 
ad the insignificance of man, rather than to forward 
me of the main tenets of the Enlightenment which 
nphasized the importance of man in the cosmos and 
ke confidently of his perpetual improvement. 
Whether or not one considers Edwards to be a great 
of truth or a monument to intellectual tragedy, 
recognize the great qualities of his mind. And we 
ist be grateful to Vergilius Ferm for editing, in a 
this book which makes the 
shings of that mind more accessible. 
those essays already mentioned, the readers of this 


endid fashion, useful 


In addition 


irnal will probably find the following most interesting 
“Of the Rainbow,” “The Insufficiency of 
Reason,’ and “ A Faithful Narrative of the Surprising 
rk of God. . . But an insight into Edwards’ mind 
ild be incomplete without reading some of his work 

i the nature of God and man’s relationship to God. 
It is interesting that this book on Edwards should 
ppear at this time. Perceptive observers have noted 
ently that neo-Calvinistic ideas are receiving a 
varmer reception now than they have enjoyed in many 
cades. So this volume is, in a sense, a commentary 
n our times, when many people, beseiged by the prob- 
ns of the contemporary scene, see Edwards’ degraded 
nd degrading man as being closer to reality than the 
nfident assumption of mankind’s progress expressed 

the exponents of the Enlightenment. 
CLARENCE L. VER STEEG 

lege of Liberal Arts 


estern University 


of the Moon. Wernher von Braun, Fred L. 
Wh pple, and Willy Ley. New York: Viking Press, 
3. 126 pp. Illus. $4.50. 


HIS book developed from a series of articles in 


( ers magazine under the title, ““Man on the 
lhe text has been expanded to about five times 

il amount. The material presented is authori- 

the book can be read with interest and en 

even by one to whom mathematics is an un 
ruage. Willy Ley is well known for his populat 

nd lectures on rockets and space travel. Fred 

an astronomer of Harvard University and 
Earth, Moon and Planets, is one of those rare 
ho can talk in simple terms about his special 
search. Wernher von Braun was a rocket spx 
the Germans in World War II and now is 


e U.S. Army’s Guided Missile Laboratory. 


Conquest of the Moon presents a plan for a round- 
trip to the moon by rocket-ship, with some details as 
to moon-ship, crew, fuel, navigation, and program to be 
carried out once the moon is reached. The voyage is to 
be made in two steps. Men and material are to be moved 
up one thousand seventy-five miles to an artificial satel- 
lite circling the earth twelve times a day. Fuel in the 
form of hydrazine and nitric acid will be used; 170 tons 
of fuel will be needed to lift each ton to the space- 
station. There the fuel for the trip to the moon will be 
left in plastic tanks tied together with nylon cord until 
the three moon-ships are ready to go. One moon-ship is 
to carry cargo; the other, two passengers. 

One of the most interesting parts of the book is the 
account of what would happen if one of the moon-ships 
jumped its proper track in space. The impression is 
given that the safety of the fifty members of the expe 
dition will depend on the continuous and proper fun 
tioning of each of a few thousand vacuum tubes. One 
hopes that the moon-ship as finally built will have a 
number of big red push-buttons labeled, “If you don’t 
like what is happening, push this button!” The authors 
do not even hint that something might be overlooked. 
One wonders if they know that even on the most care- 
fully planned picnics, the salt is sometimes left at home 

It is possible that the large cost, here probably under- 
estimated at about four and one-half billion dollars, 
combined with the inherent uncertainty of success, may 
delay the project for many years, even beyond the turn 
of the century suggested by the authors. The establish- 
ment of an artificial satellite can be undertaken for a 
fraction of this cost and is a natural first step; the ten 
years allotted by the authors for this achievement do 
[he possible use of atomi 


not seem unreasonable. 


power is dismissed in a single paragraph. Apparently 
one cannot speculate on the use of hydrogen in a 
nuclear power plant without running into military re 
strictions. 

The illustrations by Chesley Bonestell, Rolf Klep, and 
Fred Freeman include eleven large color plates. Here 
there is some evidence of a lack of close cooperation 
between the scientists and the artists. For example, on 
pages 76-77 is a picture of a moon-ship about twenty 
four hours after landing on the moon, and the planet 
Mars is from. the light, 


whereas the plane of revolution of Mars about the sun 


shown well away zodiacal 


makes a small angle with the plane of the ecliptic and 


f 


hence with the zodiacal light. The bright green color of 


parts of the moon and the amazing cloudless weather of 


large areas of the earth’s surface are typical of th 


errors often found in this type of illustration. The end- 
papers show “. . . the station which is 


space passing 


1075 miles above the Hawaiian Islands he largest 
island of the group, Hawaii, can be identified with its 
Kalae and Cape Kumukahi which are 


Sixty-one 


separated 
The 


moon shown at the upper right provides an approximate 


point 


by a known distance of nautical miles 


angular scale (say 30 minutes diameter) and any h 


school student of trigonometry can calculate the distance: 
thou 


ot the moon ship above the earth as about two 


sand two hundred miles. The reader may wish to try 





his hand on the picture on page 11. More than one thou- 

sand seventy-five miles? Are we by any chance out of 

our orbit? Lost? Push that big red button there! 
Cuarves H. SMILEY 

Ladd Observators 

Brown University 


Living With a Disability. Howard A. Rusk and Eugene 
J. Taylor. New York: Blakiston, 1953, 207 pp. Thus. 
$3.50. 


HE value of this book does not lie in its rhetoric 

or its verbal presentation, It is a catalogue of self- 
help devices and advice for handicapped persons, Every 
handicapped person has devised gadgets to help himself. 
His physicians, therapists, and friends have contributed 
their ideas, but nowhere had there been a pooling of 
these ideas, The authors and their assistants, with help 
from the National Foundation for Infantile Paralysis 
and the Disabled Homemakers’ Research Fund, gath- 
ered information on self-help devices. Those devices 
which have been proved satisfactory are presented in 
this book. The book is profusely illustrated. Pictures and 
diagrams comprise approximately two-thirds of the 
book. There is a pertinent running commentary explain- 
ing the illustrations. 

The book begins with an appropriate preamble con- 
cerning the type of assistance a handicapped person 
needs in the process of rehabilitation, directed to the 
patient, his relatives, and his friends. There follows an 
Activities of Daily Living test chart which is used to 
check the patient on how well he can meet the physical 
demands of daily life. Self-help devices are grouped as: 
feeding aids; dressing aids; toilet aids; communication 
aids; transportation aids (including modifications on 
crutches, wheelchairs, automobiles); kitchen aids, plans 
and furnishings: recommendations for home design and 
furnishings, and recreational aids. Preceding the index 
is a listing of picture credits by number, which gives 
the name and address of the manufacturer or designer 
of the self-help device. 

Oscar QO. SELKE, JR. 
Hermann Hospital 
Houston, Texas 


Disease and Its Conquest. G. T. Hollis. New York: 
Oxford Univ. Press, 1953. viii + 163 pp. $2.50. 


HIS is a popular book written for the layman. The 

author, who is editor of Oxford Medical Publica- 
tions, is not a medical man. Yet from his long contact 
with medicine and his experience in medical editing he 
writes from an extensive background of knowledge and 
experience. As he has acquired this without the usual 
technical training, he unconsciously projects himself into 


the position of the lay reader who, without a basic foun- 


dation in biology, wants to learn something about dis- 
ease and its control. 
The book is a series of thirty-seven unconnected essays 


of from two to six pages each. The topics cover a wide 


264 


range within the medical field, from the ce: 
fections of childhood to the degenerative dis: 
age, from conditions familiar to every read 
Britain or the United States to diseases pecu 
tropics. In his selection of the disease condit 
discussed, he has chosen wisely from among 
known to the average reader. 

In spite of its title, this is not a book 
Rather it is a book on disease, an attempt 
layman something about the best known 
terms that he can understand. Hollis describ: 
ditions in everyday terminology, and tells wh 
ally going on within the body and, within li: 
can be done in the way of prevention and 
Therapy is stressed as most of the diseases d 
not fall within the range of preventability 

This is a book that can be recommended w 
thusiasm because of its selection of contents 
ability, and its accuracy. 

GayLorp \\ 
School of Public Health 


University of Minnesota 


Managing Your Coronary. William A. Brams 


phia: J. B. Lippincott, 1953. 158 pp. Tllus 
HIS little book is rather informally writt 
somewhat disjointed. For example, they 
tion on * | he Risk of Excessive Weight” be 
page 116 and another, entitled “Keep Your W: 
der Control,” beginning on page 121, but 
these are sections “What Medicines Do You N 
“Smoking Is Discouraged,” “Tea and Coffee A 
mitted,” “Alcoholic Beverages Are Permitted, 
“Avoid Constipation.” It has the great virtue of 
the hopeful aspects of coronary disease, but | 
it may cause some harm in susceptible patients 
harm may be brought about by excessive detail 
dese ription of some of the pathology of the dis 
of electrocardiograms. In general it is an accu 


written in language suitable for lay people. 1] 


however, one statement on page 48 to the eff 
persons with coronary thrombosis haven 
strength nor the desire to sit up. In my experic! 
of them prefer to sit up than to lie down, and 
is of some importance in treating the disorder. | 
is recommended to those patients who are not t 
spective. Such patients should probably not r« 
inv other material concerning their disease 
Emi 
Department of Medicine 
The University of Chicago 


Elements of Chordate Anatomy. Charles K. \' 
New York: McGraw-Hill, 1953. vii + 451 
$8.00. 


REPARED for use in undergraduate « 
comparative anatomy, limited to a sing! 
ter, this textbook represents a condensatio! 


THE SCIENTIFIC M 





rer volume Anatomy of the Chordates, a 
widely used in two-semester courses. The 
the subject is along classical lines. Intro- 
nters dealing with the characteristics of the 
the subdivisions of the phylum Chordata, and 
yment of the individual lay a foundation for 
eration of the individual organ systems; a 
nter is devoted to each system, and the first 
nted is the integumentary. Descriptions of the 
respiratory, excretory, reproductive and en- 
stems follow in that order before considera- 
ven to the skeleton. The muscular, circulatory, 
us systems are next presented, and in that 
llowed by a chapter on the receptor organs. 
section on characteristics serves to summarize 


important structural peculiarities of subdivi- 


f the phylum. 
written, well printed, and adequately illus- 
this textbook appears to be admirably suited to 
present day demands for a course in compara- 
itomy limited to one semester. Neverthless, one 
epress a certain dissatisfaction, not for the book, 
or its format, but for the demand it is designed 
tisfy. Authors and publishers of standard textbooks 
nd to demand: they cannot be expected to create 
pproaches to a subject. And it is a new approach 
reappraisal of some of our present day teaching 
ids and materials in courses in comparative 
ny that is being urged by many, especially those 
ts who elected the course as a part of their pre- 
lical training, and they form the larger proportion 
enrollment. Looking back on this course in com- 
anatomy, these students too often complain 
was made a testing ground of their memory for 
rently unrelated details rather than a course in 
h they acquired an understanding of morphological 
les and terminology; few appear to acquire any 
ition of the view that structure is an important 
function. The adaptive aspects of structure, 
stressed, point out the structural variation 
t emphasis upon its dynamic consequence. To 
1 student with an opportunity to appreciate 
as a theatre of function requires a careful 
of materials, the elimination of superfluous 
ind the restriction of examples that few text- 
w reveal. Perhaps the time has come when less 
nee will be given to the innumerable variations 
ntegumentary system, the variations in the ver- 
nd the tail fin, and more to the organization 
ervous system, for there are few areas in com- 
anatomy so instructive when used as a basis 
ating adaptation, ontogenetic and phylogenetic 
s, and the relationship between structure and 
\nd there are other areas in which emphasis 
) be misplaced at the expense of the sensory 
for example, the vestibulae apparatus and 
| line system. One final thought—that the diffi- 
student has with comparative anatomy is due 
t that he is rarely given a standard or basis 
h to make his comparisons and is obliged to 


compare each variant in a system with every other 
Certainly in those English universities in which com 
parative anatomy follows human anatomy, and com- 
parisons are made in the light of the latter course, thi 
students appear to derive more from their study than 
is commonly the case in this country. 

D. H. Barron 
School of Medicine 
Yali Unive rsity 


Cardano, the Gambling Scholar. Oystein Ore. Prince- 


) 


ton, N. J.: Princeton Univ. Press, 1953. xiv + 249 pp. 
Illus. + plates. $4.00. 


N these days when probability and statistical meth- 

ods are becoming increasingly important in many 
branches of knowledge, it seems very appropriate to 
bring to light all historical references and all back- 
ground material relating to these branches of mathe- 
matics. It is particularly noteworthy that Oystein Ore 
chooses to develop that facet of the personality of 
Gerolamo Cardano that in most respects is least known 
and, in essence, the most relevant to a branch of ex- 
panding activity in the mathematical sciences. 

The colorful life and personality of Gerolamo Car 
dano has received much attention from many biogra 
phers through the ages, for he was one of the most r 
nowned persons of the sixteenth century. Cardano’s 
personal life was marred with almost continual mis 
fortunes. He had a difficult time, in his early develop 
ment, of overcoming the charge of illegitimacy. His sons 
brought him grief and disgrace; the eldest son was con 
victed ot murder and executed: and the youngest a 
contemptible scoundrel, was eventually banished from 
Italy. In addition, at an old age he was stripped of his 
honors and charged with heresy. Lastly, he suffered 
mental and physical illness during most of his life. Yet 
his brilliance and imagination as a scholar, combined 
with a prolific writing ability, gained him due recog 
nition. He published 131 books on mathematics, astron 
omy, dialectics, death, immortality, water, urine, and 
music. These are representative of his enormous intet 
ests. In medicine, philosophy, and mathematics, he at 
tained the first rank and made contributions carrying 
over to this verv day 

\s a physician, before the age of fifty, he was con 
sidered second only to Vesalius. In mathematics, the 
general solution to the cubic algebraic equation Is gen 
erally credited to him, although in his own mathema 
cal work he acknowledged the value of Tartaglia 
It was Cardano who refined and was successful 
petuating the discovery of the solution of th 
cubic. The third chapter of this work is devo 
retelling tne tragn details of the quarrel between 


taglia and Cardano over this mathematical discovery 


! 
| 


[his aspect of the life of Cardano has been reviewed 
frequently in various biographies, and Ore, in this r 
spect, adds little to the accumulated knowledge on this 
ridiculous episode. 


The novelty and real contribution of this biography 





lies in the last two chapters of this book, where Ore 
studies the gambling pursuits of Cardano and attempts 
to appraise the mathematical contributions in this con- 
nection. Since Cardano was a gambler and a scholar, 
he collected his observations and analysis of the laws 
of gambling into an obscure text entitled Liber de Ludo 
Ale al 


that Ore attempts to decipher and evaluate. This ap- 


the book on Games of Chance). It is this book 


pears to be the first time that significant credit is as- 
cribed to Cardano for having formulated in some vague 
form a few of the principles and fundamentals of prob- 


ability theory. Cardano’s formulas did give the correct 


results on dice corresponding to the power laws for 


repetition of events. He also tabulated many other fre- 
quency laws for various games and apparently sensed 
the concept of expected value which related to the law 
of large numbers. These are the basic ideas that Ore 
finds in this writing of Cardano. 

In the light of present days where an entire new dis- 
cipline of mathematical methodology revolving around 
probabilistic thinking is manifest in all kinds of scholar- 
ships, it seems worth while and deserving that Oystein 
Ore sheds new historical light on the origins of these 
ideas in» mathematics. 

SAMUEL KARLIN 
Department of Mathematics 


California Institute of Technology 


Contributions to the Theory of Games, Vol. Il. H. Kuhn 
and A. W. Tucker, Eds. Princeton, N. J.: Princeton 
Univ. Press, 1953. viii+ 395 pp. Illus. $4.00. 

N the year 1945, the Theory of Games and Economic 

Behavior by John von Neumann and Oskar Morgen- 
stern appeared on the scene. It has been regarded as one 
of the major scientific achievements of the first half of 
the twentieth century. This represents a first attempt to 
define rational optimal behavior for two or more antag- 
onists where a known utility or pay-off function is avail- 
able to both players. 

Many applications of this theory to various branches 
of knowledge have been found; notably to economics, 
military tactics, and statistics. Several new theories and 
mathematical models in the social sciences have been 
established as a direct consequence of the methodology 


and philosophy of these endeavors. For example, the 


theory of linear programming which analyzes several 
kinds of economic models has been shown to be equiv- 


the discrete theory of zero. sum 


games. The entire development in mathematical statis- 


alent to two-person 


tics of decision theory due to Abraham Wald is closely 


related to the minmax theorem of the theo; 
Most operations research problems employ 

reasoning similar to that developed in th 
games. Numerous other examples can be cit 

This monumental work has stimulated \ 
search from many mathematicians who hav 
and expanded the theory far beyond its origi 
tion. This present volume represents cumul 
in that direction and constitutes a sequel t 
tions to the Theory of Games, Vol. I. It cont 
lection of twenty-one research articles divid 
main groupings, each shedding light on vari 
to the theory. Part I deals with contributi 
theory of finite zero sum two-person games. M 
research is concentrated on determining 
methods of computing optimal strategies (pr 
action). A few isolated papers in this section t 
special problems as, for example, the optimal assi 
problem and some poker variants. The assign 
lem calls for the assignment of n persons to 
such a way as to maximize the total value of th 
ment. Similar interesting descriptions can be 
the other models examined. 

Part Il treats two-person games where each 
has available an infinite set of basic strategies 
research articles completely analyze action gamy 
the payoff depends on which player acts fi 
afford extremely valuable results with applicat 
instance, to military tactical problems. The mat! 
cal complexities of similar types of infinite 
exposed by some pathological examples which 
appear that the research in this direction is 
incomplete form. 

The theory of the extensive form of a gam 
oped in Part III and some contributions to t 
of n-person games are made in Part IV. As yet 1 
factory basis exists for playing a game involvi 
than two contestants. The papers of the last s 
stitute some minor attempts to set up criteria in 
behavior for such general 


optimal rational 


games. The authors hope to throw light on known 


lems and to lead the reader into new approac! 
general theory. 

The present volume thus represents substant 
ress and research in enlarging our knowledg 
theory and its applications. It is an absolut: 
in the library of any applied mathematician 
with the theory of optimal decision making 

SAMI 
Department of Mathematics 
Cailfornia Institute of Technology 
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Let rERS 


rHE EDUCATORS’ DEBATE 
eR, who had seen in advance the paper, 
in Education” by Arthur E. Bestor, Jr., 
s publication in The Scientific Monthly 
nds that it lacked accuracy and that it was 
in spirit. However, the article was published 
tific Monthly 75, 109 (1952) |] and was later 
a book by Bestor, Educational Wastelands 
Illinois Press, 1953). The manuscripts were 
a persuasive style and appeared convincing 
» were not familiar with the sources. If any 
iders of The Scientific Monthly are interested 
seeing the evidence of Bestor’s inaccuracies, it is 
sested that they consult “Mr. Bestor in the Land of 
Philistines” (Progressive Education, January, 1954) 
\ Scholar's Documentation” (Educational Theory, 
ary, 1954). The first article is by Burnett and the 
nd is by Hand. 
D. A. WorcESTER 
ent of Educational Psychology 
casurements 
ersity of Nebraska 


“TEAYS RIVER” OR “CONTINENTAL 
RIVER” 

[ue story of the ancient Teays River, as 

vmond E, Janssen [The Scientific Monthly 77, 

)3) | is astonishing. Here before our eyes we see one 

that it has been 


told by 
306 
nature's greatest marvels—now 

inated by the light of science. 
With all due respect for W, G. Tight, who discovered 
lamed the Teays Valley, I, for one, protest the 
leays River.” Are we to accept this name, taken 
in insignificant “crossroad station” in West Vir- 
. for the name of a gigantic river that for millions 
dominated the drainage of preglacial interior 
and still flows country) now 

s the United States of America? 

some more meaningful name can be proposed. 


Continental River?” 


beneath the 


Jerome Fre 
Drive 
( alif. 


S SUGGESTION is quite interesting and would 
if there were need for a geographical name 
ng river. However, the river, as an entity, no 
have 


‘ts, and its residual portions already 
iames, The name is solely of scientific signifi- 
precise identification, like the names of rock 

plants, and animals. In scientific circles, it 
vy for the discoverer of a new species, a new 
rmer landmass, lake, sea, or river, to apply 
ls choosing, as long as the name has not al- 


ised for a similar application. Once a name 


has been applied and become recognized by usage in the 
literature, changing of it fosters confusion, and is there- 
fore seldom acceptable. The mere fact that a selected 
name may later seem inappropriate is not a valid reason 
for changing it. 

The name Teays, as applied to the great valley and 
the river that formed it, has been used by geologists 
for half a century, but only recently are others beginning 
to hear of it. If the former existence of the great rivet 
catches the popular fancy, its name too will become 
famous like any other great thing that had a humble or 
unknown beginning. 

RayMOND E, JANSSEN 
Department of Ge ology 
Marshall College 
Huntington, West Virginia 


ESPERANTO VERSUS INTERLINGUA 

I wish to protest against deviation from fact in an 
article “The Case for Interlingua,” in The S< 
Monthly, August, 1953, of which I have just seen a 
reprint. 

In this article, Esperanto is brushed off with the impli- 
cation that it belongs in past history, and the actual 
statement that it “‘failed.”’ None of this is true, as anyone 
who looks up the present status of Esperanto knows very 
well indeed. Enough people already make use of it to 
find it worth their while, even if the number of Esperan- 
tists should not increase from this day on. 

Now we are asked to discard Esperanto and try a new 


linguistic project that is illustrated by only a textbook, 


lé nti 


« dictionary, a couple of starting small periodicals, and 
a few pamphlets—all backed by one local organizauon 
and apparently written by the same individuals. We are 
told, as I see by its pamphlets, that it is for persons “on 
the doctoral level,” and can be read at sight by those 
who know French, Spanish, or other Romance tongues 
But of course the men and women on that level, or strug- 
gling toward it, are required to have a working knowl- 
edge of French, German, and perhaps other languages 
What is the use to them of a project, not in real use, 
which is just that same old Spanish with a few irregu 
larities cut off and a few foreign words added? Why not 
stick to Esperanto, which has been proved useful not 
only on scientific and technical levels but also on lower 
levels, clear down to one and another “laborista grupo” 
in European countries? 

Esperanto can not be read absolutely “‘on sight” ex 
» study it 


cept by expert linguists, easy as it is. I had te 
but I have been well 


a while to get somewhere with it; 


repaid through my professional use of it, translations 
and original work in it that I have enjoyed reading 
social contacts that I have made through correspondenc: 
and directly. I am glad to know, too, that its history is 


clean. Cynics have smiled at calling a certain charmin 


song “the Esperantist hymn,” and speaking of the lan 





guage as “la kara lingvo,” as especially the earlier en- 
thusiasts did. But a little sentimentality, together with 
surprising actual financial sacrifice, is a better recommen- 
dation for this interlanguage than a practice of intrigue, 
misrepresentation, and other dubious practices which 
have not been unknown among those who for personal 
purposes have from time to time wished to wreck it and 
have tried to “divide and conquer.” 

A lawyer friend has told me that there is < 
equity that is still adhered to which says, “He who comes 


1 maxim of 


into court must do so with clean hands.” I am glad in- 
deed that the Esperanto interlanguage can do this. Quite 
earnestly, almost sentimentally, I say, “Vivu Esperanto!” 

E.ste YUNGHANS 
25 Forest Avenue 


Ve rona, Ne u Je rseéy 


Ir Miss Yunghans were not fairly emphatic about it, 
have guessed that her letter concerned 
Readers who 


I would never 


my article, “The Case for Interlingua.” 
wish to refer to it but cannot readily lay hands on The 
Scientific Monthly for August, 1953, may obtain reprints 
from the Interlingua Division of Science Service, 80 East 
11th St., New York 3. 

ALEXANDER Gop! 
Science Service 
Division De Interlingua 
80 East Eleventh Street 
New York 3, N. Y. 


LYCOPODIUM JS USEFUL 


READING on 294 of the 
commentary on the excellent cover photograph, I was 
“The delicate plants of 


page December issue the 
surprised to see the following: 
the genus Lycopodium have no economic. useful- 
ness to man save this one, that, although flowerless, 
they appeal to us and delight us with their simple grace 
and beauty, like their fairly near relatives, the ferns.” 
My surprise stemmed from the words “no economi 


usefulness to man save this one.” 


Curiously, even my dictionary fails to 
use of lycopodium powder which had oc: 
namely, a foundry parting agent; but i 
International Dictionary, in defining “lycoy 
der” does state: “a fine yellowish powder 
the spores of various species of Lycopod 
L. clavatum. It is highly inflammable, an 
the manufacture of fireworks and the art 
sentation of lightning; also in medicine as 
in excoriations of the skin and as a coating 

Many men, of course, are not familiar \ 
operations, but it was natural for me to t 
foundry application immediately, since bi 
to the rather precarious existence of a free-| 
I headed the research and control laborat 
Hill and Griffith Company, one of the leadii 
supply houses. 

Lycopodium powder falls into the gene: 


products known as dry parting compounds 


ucts are used by dusting them on the patter: 
the mold from sticking and to allow the p 
drawn freely from the mold. To the molder 


in ornamental casting work, lycopodium is 
term, although today most foundries have 
dry parting compounds to the cheaper vari 
usually consist of waterproofed minerals. 
Permit me to quote from two of Hill and 
catalogs. From an early one: “Lycopodiun 
yellow powder, obtained from a plant kno 
Russia. It is 
Lycopodium is regarded the world over 


moss, cultivated in very 
parting and facing, but owing to extreme cost 
lection, shipping and custom duties, the pric 
prohibited its use.” And from a recent catal 
The natural parting fro: 


podium Powder. 


acknowledged to be unsurpassed for ornat 
nameplate castings. Relatively expensive, but 


and fluffy.” 
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ORDER ON APPROVAL THESE 
NEW BOOKS IN ELECTRONICS 


AND WAVES—A SERIES OF 
MONOGRAPHS aA 


SIGNAL, NOISE, AND RESOLUTION IN 
NUCLEAR COUNTER AMPLIFIERS 


By A. B. GILLESPIE, Atomic Energy Research Es- 
tablishment, Harwell, England. 155 pages, $4.50 
Centering on factors which determine the signal to 
noise ratio and resolution in nuclear counter ampli- 
fiers, this is the first comprehensive and concise ac- 

count of the subject presented in a single volume. 


SCINTILLATION COUNTERS 
J. B. Birks, Rhodes University, South Africa. 148 
pages, $4.50 
This first book of its kind is a complete review of the 
most important and versatile instrument in modern 
nuclear research, of value to graduate students and 
research workers in nuclear physics, physical chem- 
istry, organic chemistry, and medicine as well as of 
importance for many industrial, agricultural, biologi- 
cal, and other applications of radio-isotopes. 


PROBABILITY AND INFORMATION THEORY, 
WITH APPLICATIONS TO RADAR 


By P. M. WoopWARD, Principal Scientific Officer, 

Telecommunications Research Establishment, Min- 

istry of Supply, Malvern, England. 138 pages, $4.50 
This book explains in easy stages how the theory of 
probability applies to electronics, communication, and 
particularly radar. It was prepared for the reader with 
no highly-advanced mathematical knowledge who is 
interested in linking his practical “intuition” with pre- 
cise mathematical theory. 


PHYSICS AND APPLICATION OF 
SECONDARY ELECTRON EMISSION 


By H. BRUINING, Philips Research Laboratories, 

Eindhoven, Netherlands. 170 pages, $5.00 
The book treats the phenomenon of secondary elec- 
tron emission, the emission of electrons by solid 
substances, resulting from the impact of electrons. 
Since electron multiplication can be obtained, the 
phenomenon is most important from a technical’ view: 
the applications are of considerable significance in 
electron tubes for radio and television. 
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Waksman. New Brunswick, N. J.: Rutgers Univ. Press, zioni Scientifiche Einaudi, 1953. 707 pp. | L. 2 
1953. xiii + 150 pp. + plates. $4.00. A Brief Survey of Modern Algebra. Garrett | 

Wildlife in Alaska. An ecological reconnaissance. A. Saunders Mac Lane. A shorter version of Rs ain, 
Starker Leopold and F. Fraser Darling. New York: Modern Algebra, Revised Edition. New ke 
Ronald, 1953. ix + 129 pp. Illus. + plates + maps. $2.75. millan, 1953. viii + 276 pp. Illus. $4.75. 

The Unique Influence of the Johns Hopkins Universit The Collected Papers of Otto Fenichel 
on American Medicine. Richard H. Shryock. Copen- Hanna Fenichel and David Rapaport, Eds w \ 
hagen, Denmark: Ejnar Munksgaard, 1953. 77 pp. Norton, 1953. xiii + 408 pp. $6.50. 

Dan. kr. 14.; bound: 17.50. Electrical Methods of Blood-Pressure Rec: 

The Zoological Record, Vol. 88. Records of Zoological W. Noble. Springfield, Ill.: Thomas, 1953 
Literature Relating Chiefly to the Year 1951. G. Burder Illus. $3.00. 

Stratton, Ed. London: Zoological Society, 1953. v + Experimental College Physics. A laboratory 
19 sections. Paperbound sections at various prices ed. Marsh W. White and Kenneth V. M 

Temperature Measurement in Engineering, Vol. I. H. York: McGraw-Hill, 1954. xii +347 pp. Illus. § 
Dean Baker, E. A. Ryder, and N. H. Baker. New York: Highway Research Board: Proceedings of 
Wiley; London: Chapman & Hall, 1953. vi+179 pp. Second Annual Meeting, Vol. 32 National Acade: 
Illus. $3.75. Sciences—National Research Council Pub. 27] 

Surgery of the Biliary Tract, Pancreas @ Spleen. Charles Burggraf and Walter J. Miller, Eds. Washington, | 
B. Puestow. Chicago, Ill.: Year Book, 1953. 370 pp. Highway Research Board, NRC, 1953. xxi +61! 
Illus. $9.00. Illus. $8.50. 

Semimicro Qualitative Analysis. Rev. ed. Hervey Hub- Magnetic Amplifiers. George M. Ettinger. Li 
bard Barber and T. Ivan Taylor. New York: Harper, Methuen: New York: Wiley. 1953. vii 
1953. xi + 404 pp. Illus. $4.50. $1.50. 

Resources and the American Dream. Including a theory 4 Manual of Australian Soils. C. G. Stephens. Melt 
of the limit of growth. Samuel H. Ordway, Jr. New Australia: Commonwealth Scientific and h 
York: Ronald, 1953. vii +55 pp. $2.00. Research Organization, 1953. 48 pp. + plates 

Professional People in England. Roy Lewis and Angus Great Systems of Yoga. Ernest Wood. New York 
Maude. Cambridge, Mass.: Harvard Univ. Press, 1953. sophical Library, 1954. xviii + 168 pp. $3.5 
vil + 284 pp. $4.00. Dimensional Methods and Their Applicatior M 

Practical Methods in Biochemistry. 6th ed. Frederick C. Focken. New York: St. Martin’s Press, 1! 
Koch and Martin E. Hanke. Baltimore, Md.: Williams 224 pp. $6.00. 

& Wilkins, 1953. ix +537 pp. Dlus. $5.00. Jaarboek, 1952-1953. Koninklijke Nederlandse Ak 

Plane Trigonometry. Paul R. Rider. Reprint in_ part van Wetenschappen. Amsterdam: Noord-Hollar 
from First-Year Mathematics for Colleges. New York: Uitgevers, 1953. 347 pp. Illus. + plates. 
Macmillan, 1953. viii + 180 pp. Illus. $3.00. Culture and Diseases of Game Fishes. H. S. Davis. B 

Linear Operators. Richard G. Cooke. New York: St. ley—Los Angeles, Calif.: Univ. of California | 
Martin’s Press, 1955. xii + 454 pp. $10.00. 1953. x + 332 pp. Illus. $5.00. 

The Monkey Book. Ernest P. Walker. New York: Mac- Type Dawn of the Post-Modern Era: Dimens 
millan, 1954. 153 pp. Illus. $6.50. human life in the last half of the twentieth « 
Organic Chemistry. A brief course. Robert Ward Getchell. Elwyn Judson Trueblood. New York: Philoso; 

. New York: McGraw-Hill, 1954. viii + 278 pp. $4.00. Library, 1954. xii + 198 pp. $3.75. 

Silicified Middle Ordovician Trilobites. H. B. Whitting- Introduction to Chemistry. R. T. Sanderson. New \ 
ton and W. R. Evitt, IT. New York: Geological So- Wiley; London: Chapman & Hall, 1954. x + 54. 
ciety of America, 1953. 137 pp. Illus. + plates. Illus. $5.50. 

Educational Psychology. Lee J. Cronbach. New York: The Size and Growth of Tissue Cells. Joseph G. Hoff: 
Harcourt, Brace, 1954. xxvii +628 pp. Illus. Springfield, Ill.: Thomas, 1953. xv +102. pp. Ill 

Leaders in American Science, Vol. I, 1953-54. Robert $4.00. 

C. Cook, Ed. Nashville, Tenn.: Who’s Who in Ameri- — fuolution: Die Geschichte ihre: probleme und Exkent' 
can Education, Inc., 1953. 703 pp. Illus. $12.00. nisse. Walter Zimmerman. Freibure-Minchen, | 

Music Therapy. Edward Podolsky, Ed. New York: Philo- many: Verlag Karl Alber, 1953. ix +623 pp. I! 
sophical Library, 1954. xii +335 pp. Illus. $6.00. plates. DM 32. 

Quantitative Organic Analysis via Functional Groups. Chemical Methods in Industrial Hygiene. Fi 
2nd ed. Sidney Siggia. New York: Wiley; London: Goldman and Morris B. Jacobs. New Y: 
Chapman & Hall, 1954. x +227 pp. Illus. $5.00. science, 1953. ix + 274 pp. Illus. $3.75. 

What Price Israel. Alfred M. Lilienthal. Chicago: Reg- Vegetation and Watershed Management. E. 4A. ‘ 
nery, 1953. viii + 274 pp. $3.95. New York: Ronald Press, 1953. xv +412 pp. P 
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EDUCATIONAL 
WASTELANDS 


by Arthur E. Bestor 


From time to time one hears the com- 
plaint that public school graduates are 
semi-literate, construct a sentence with ut- 
most difficulty, and stumble badly over 
simple problems in arithmetic. Is the com- 
plaint justified? Professor Bestor argues 
that it is, and he brings to light a great 
deal of disquieting evidence to support his 
charge that there is a “retreat from learn- 
ing in our public schools.” 

“Arthur Bestor is a first-rate American 
historian, and his present book, bearing 
lightly its cargo of old and contemporary 
facts, is clearly reasoned and written with 
élan.” — New York Times, in a review by 
Gordon K. Chalmers, president of Kenyon 
Colle ge. 


THE MARS PROJECT 


by Wernher von Braun 


“As soberly and methodically as an air- 
line operations man figuring the balance of 
fuel and payload between Chicago and Los 
Angeles, Dr. von Braun in this brief book 
has set down what we will need in order to 
fly to Mars.” — American Aviation. 


$3.95 


INFORMATION THEORY 
IN BIOLOGY 


edited by Henry Quastler 


This book represents the first concerted 
attempt to employ information theory in 
the field of biology. It is the work of 
fifteen scientists representing several disci- 
plines. By means of structural and func- 
tional analysis they apply the concept of 
entropy to metabolism, growth, and other 
basic functions of living organisms. $4.00 


Order from your bookseller or 


THE UNIVERSITY OF ILLINOIS PRESS 
URBANA, ILLINOIS 


PUBLICATIONS ON 
SYMBOLIC LOGIC 


P 5: BOOLEAN ALGEBRA (THE TECHNIQUE FOR MANIPU- 
LATING ‘AND’, ‘OR’, ‘NOT’, ANw CONDITIONS) AND AP- 
PLICATIONS TO INSURANCE; also DISCUSSION. Reprint. Ex- 
plains in simple language: what Boolean algebra is; how to recognize 
the relations of Boolean algebra when expressed in ordinary words; 
and how to calcclate with it. Contains problems, solutions, com- 
ments, discussion. ; , $1.20 
P 14- CIRCUIT ALGEBRA—INTRODUCTION. Report. Explains 
simply a new algebra (Boolean algebra modified to include time 
that applies to on-off circuits, using relays, electronic tubes, recti- 
fiers, gates, flip-flops, delay lines, etc. Covers both static and sequen- 
tial circuits. Applications to control, programming, and computing. 
Problems and solutions involving circuits. .. $1.80 
P 16: SYMBOLIC LOGIC—TWENTY PROBLEMS AND SOLU- 
TIONS. Report. Contains some problems by Lewis Carroll and John 
Venn (out of print), and many other new problems. Guide to using 
symbolic logic in actual situations. : $1.80 
P 4: A SUMMARY OF SYMBOLIC LOGIC AND ITS PRACTI- 
CAL APPLICATIONS. Report. Rules for calculating with Boolean 
algebra. Other parts of symbolic logic. Applications of Boolean alge- 
bra to computing machinery, circuits, and contracts. Many com- 
plete problems and solutions. .... $2.00 


P25: NUMBLES—NUMBER PUZZLES FOR NIMBLE MINDS. 
Report, Contains collection of puzzies iike: 
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Solve for the digits—each letter stands for just one digit 0 to 9 
All are new numbles, additions, multiplications, etc.; some easy 
some hard Each with two messages, one open, one hidden Hints 
for solution. Good exercises in logical reasoning $1.00 


COMPUTERS & ROBOTS 
P 2: COMPUTERS & AUTOMATION. Monthly except June, Aug 
Articles on computing machinery, 
robots, ete 


automatic control, cybernetx 
Reference information: roster of organizations, list of 
automatic computers, et Annual subscription $4.50 
P 6: CONSTRUCTING ELECTRIC BRAINS. Reprint of thirteen 
published articles. Explains simply how an automatic computer is 
constructed; how to make it add, subtract, multiply, divide, and 
solve problems automatically, using relays or electronic tubes 
other devices. Contains many examples of circuits $2.20 
P 1: CONSTRUCTION PLANS FOR SIMON, the Small Mechani- 
cal Brain. Complete plans, circuits, essential wiring diagrams, parts 
list, etc., enabling Simon to handle numbers up to 255, and to per- 
form nine mathematical and logical operations $5.50 
P 3: CONSTRUCTION PLANS FOR SQUEE, the Robot Squirrel 
Complete plans, circuits, wiring diagrams, parts list, ete. Squee 
rolls over the floor, picks up ‘“‘nuts’’ in his ‘“‘hands’’, takes them to 
his ‘‘nest’’, there leaves them, and then goes hunting for more 
nuts $4.00 
P 10: THE CONSTRUCTION OF LIVING ROBOTS. Report. Dis- 
cusses the properties of robots and of living beings, and outlines how 
to construct robots made out of hardware which will have the essen 
tial properties of living beings. Gives circuit diagrams $1.00 


LANGUAGE 
P12: HOW TO EXPLAIN CLEARLY. Report. A scientific guide 
for explaining Factors to be considered ideas selection words 
meanings, grammar, style, readability, audience, interest, entertain- 
ment, distraction, tempo, etc. Examples of explanation, and com- 
ments $1.50 


Your money is returned at once if you are not satisfied. You can see 
these for almost nothing—why not take a look at them? Send request 
direct—not through a dealer P.S. We also offer 11 more publica 
tions, and 26 courses by mail. We have students in 46 states and 
territories, 12 foreign countries. Ask us for information 


We are Edmund C. Berkeley and Associates, instructors, publisher 
the monthly Computers and Automation, etc.), writers (Giant 
Brains or Machines that Think, Wiley. 1949, ete 

makers and exhibitors of small robots (Simon, Squee, ete 


1 
consultants 
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Edmund C. Berkeley and Associates 
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2. Please send free announcement of [] publications and 
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ve Meetings % 


April 

15-17. Assoc. of Southeastern Biologists, annual, Baton 
Rouge, La. (M. A. Gaulden, Oak Ridge, Tenn.) 

16. Seismological Soc. of America, annual, Seattle, Wash. 
P. Byerly, 208 Hall, Univ. of California, 
Berkeley 4. 

16-17. Histochemical Soc., Atlantic City, N.J. (R. D 
Lillie, National Institutes of Health, Bethesda, Md.) 

18-22. American Assoc. for the Advancement of Science, 
Southwestern Division, Lubbock, Tex. (F. E. E. Ger- 
mann, Dept. of Chemistry, Univ. of Colorado, Boul- 
der. ) 

18-23. 
Til. (C. 
Ohio. ) 

19-20. Symposium on_ the 
Electronic Equipment, San Francisco, Calif. (L. K. 
Lee, Engineering Div., Stanford Research Institute, 
Stanford, Calif.) 

21~—23. Southern Industrial Wastes Conf., Houston, Tex. 
E. K. Hunt, American Cyanamid Co., Bound Brook, 

21-24. Cong. of la Sociedad de Internos y Becarios del 
Instituto Nacional de Cardiologia de Mexico, 2nd, 
Acapulco, Mex. (J. S. Acevedo, Avenida Cuauhtemoc 
300, Mexico, D. F. 

21-24. International Conf. on Electro-Deposition and 
Metal Finishing, 4th, London, Eng. (Institute of 
Metal Finishing, 32 Great Ormond St., London, W.C. 
& 


21-27. 


Bacon 


American Ceramic Soc., 56th annual, Chicago, 
S. Pearce, 3727 Olentangy Blvd., Columbus 2, 


Automatic Production of 


International Cong. of Prehistoric and Proto- 


historic Sciences, Madrid, Spain. (A. Beltran-Martinez, 


University, Zaragoza, Spain. ) 

21-28. International Cong. of Military 
Pharmacy, 14th, Buenos Aires, Argentina. 
General de Sanidad Militar, Pozos 2045, 
Aires. ) 

22. Conf. on Instrumentation in Water, Sewage, and In- 
dustrial Waste Treatment, New York, N. Y. (Brother 
J. McCabe, Civil Engineering Dept., Manhattan Col- 
lege, New York 71.) 

23-24. Montana Acad. of Sciences, Missoula, Mont. (L. 
H. Harvey, Dept. of Botany, Montana State Univ., 
Missoula. ) 

24-9. Liége International Fair, 
Campus, University of Liége. ) 

26-28. Metal Powder Show, Chicago, Ill. (Metal Powder 
Assoc. 420 Lexington Ave., New York 17, N. Y.) 

26-28. National Acad. of Sciences, annual, Washington, 
D.C. (Office of the Home Secretary, National Academy 
of Sciences, 2101 Constitution Ave., Washington, D.C.) 

26-30. American Soc. of Tool Engineers Industrial Ex- 
position, 9th biennial, Philadelphia, Pa. (H. E. Con- 
rad, 10700 Puritan, Detroit 21, Mich.) 

26-2, Cong. of the International College of Surgeons, 
9th biennial, Sao Paulo, Brazil. (Secretariat, Inter- 
national College of Surgeons, 1516 Lake Shore Dr., 
Chicago 10, IIl.) 

27-30. International Health Cong., Scarborough, Eng. 
(P. A. Wells, 90 Buckingham Palace Rd., London, 
S.W. 1, Eng.) 

29-30. Eastern States Health Education Conf., New York, 
N. Y. (I. Galdston, 2 E. 103 St., New York 29.) 

29-30. Symposium of Recent Advances in the Study of 
Venereal Diseases, 6th annual, Washington, D. C. 


Medicine and 


Direcion 
Buenos 


Belgium. (F. 


Liége, 


(J. K. Shafer, Public Health Service | 
Venereal Diseases, Washington 25, D. GC 
29-1. American Mathematical Soc., Chicago, | IW 
T. Youngs, Univ. of Indiana, Bloomington 
29-1. American Physical Soc., Washington, D KK 
Darrow, Columbia Univ., New York 27, N.Y.) _ 
29-1. Kansas Acad. of Science, annual, Hays, Kansas 
(C. T. Rogerson, Dept. of Botany, Kansas State Co). 
lege, Manhattan. ) 
1. Midwestern Psychological Assoc., Columbus, Ohio 
(L. J. Cronbach, 1007 S. Wright, Champaign, II], 
l. South Dakota Acad. of Science, annual, Rapid 
City, S. Dak. (A. L. Haines, Chemistry Dept., Uni 
of South Dakota, Vermillion. ) 
May 
2-6. Electrochemical Soc., spring, Chicago, Ill. (H, B 
Linford, Columbia Univ., New York 27. 
/. Soc. of 
burgh, Pa. 
30.) 
5. American Geophysical Union, 35th annual, Wash. 
ington, D.C. (J. Adkins, Office of Naval Research, 
Washington 25. 
6. Air Pollution Control Assoc., Chattanooga, Tenn 
(H. C. Ballman, 4400 5 Ave., Pittsburgh 13, Pa. 
6. International Scientific Radio Union (USA National 
Comm.) and Inst. of Radio Engineers (PGMTT 
Washington, D. C. (W. E. Gordon, School of Ek 
cal Engineering, Cornell Univ., Ithaca, N. Y 
7. American Psychiatric Assoc., annual, St. Louis, Mi 
(R. F. Gayle, Jr., Professional Bldg., Richmond 19 
Va. ) 
7. Soc. of Motion 
semiannual, Washington, 
Ave., New York 17. 
8. International Conf. on Complete Gasification of 
Coal, Liége, Belgium. (J. Venter, 7 Blvd. Frere-Orban, 
Liége. ) 
4. World Health Assembly, 7th, Geneva, Switzerland. 
(WHO, Palais des Nations, Geneva. 
6. Electronic Components Symposium, Washington, 
D.C. (F. B. Haynes, Glenn L. Martin Co., Baltimore 
3, 
7s 


99 


30 


American Bacteriologists, annual, Pitts. 


(F. S. Cheever, P.O. Box 1912, Pittsburgh 


Picture and Television Engineers, 
D.C. (Sec., 342 Madisor 


Md.) 
American Inst. of Electrical Engineers, north east 
ern district, Schenectady, N.Y. (H. H. Henline, 33 W. 
39 St., New York 8.) 
7. Forest Products Research Soc., annual, Grand Rap- 
ids, Mich. (F. J. Rovsek, Box 2010, University Station, 
Madison 5, Wis. ) 
8. National Conf. on Health 
York, N.Y. (Sec., American 
1790 Broadway, New York 19. 
)-8. American Philosophical Assoc., Urbana, Ill. M 
C. Nahm, Bryn Mawr College, Bryn Mawr, Pa. 
8. Illinois State Academy of Science, Monmouth, Ill. 
(L. W. Finley Menmouth College, Monmouth 
8. North Carolina Academy of Science, Greenville, 
N.C. (J. A. Yarbrough, Meredith College, Raleigh, 
N.C.) 
9. Population Assoc. of America, annual, Charlottes 
ville, Va. (H. Carter, c/o National Office of Vital Sta- 
tistics, Dept. of Health, Education and Welfat Wash- 
ington 25, D.C.) 
16. International Cong. of Thalassotherapy, Dubrov- 
nik, Yugoslavia. (C. Plavsic, Zeleni Venac 1, Belgrade, 
Yugoslavia. ) 
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